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InTKOD UCTIDN 

V RBNAI JZATION expuriiDeuts uve liased on Lysenko’s theory of jihasic 
(lev(‘lo|)nu‘nt of annual seed crops. A ooni preliensivo surninary of 
the theoi’v and of the e\|)erinH*ntal work on \ iTnalizat ion will ho found in 
Ihilletin 17 [11)35] of the I ni [)(dia.l l:>urean of Liant (Jenetics. The chief 
concofits involv(‘d in I.ysenko’s tlieorv are : (?‘) yn*owlh of a plant is 

asso('i.ated with increasi' in size a.nd weiyht, and development with a sequence 
of (|iia.liLd ive inturnal chanR:<s without wiiich a jilant wvnnot rea(;h its repro' 
ducti\ e stai'C : the r;Ues of yrowtli and of (kw elojunent are independent of 
each other, ;ind (‘in ironmental factors faAourahle for grow th (vegetative cycle) 
may or may not he fa-vourahk^ for the diwelojnnent (irocesses (reproductive 
cycle) : (ii) tl)(‘re are se\ (‘nd distin**! sLqis ([iliases) in the deve!o[)niental 
c\ cle, ('ach w ith its s|>ecilic environnamtal reijuireuKUits and each depending 
foi* its initiation on the ('omj)letiun of tlu^ preceding stagiu and if the require- 
m.cmts of any of tlie phases he lacking in the en\ ironment, tlie plant will 
d(‘velop as far as that jgliase and no further ; (Hi) as soon as growth of tho 
endu’vo of a se(‘d starts, it run 1)0 treated from a physiologiccd point of view^ 
as a growing |)kuit. in the light ol* exjierimental evidence some of thes 
eoiK'cpts now have to he modified, W'hyte [Jk3kj aptly points out ' that t 
developuHMit, at le.a,st of the first two phases, can 1 k^ maintained only ‘ 
certain minimum of grow th and that non-grow ing s(xds icaainot l>o veriiali' ’ 
The ])r(xsent knowledge of true relationshi j) hetwexm growth and d 
incut is still loo meagi'c for any linal comdusion. 

Of the s( 3 veral (five, ac(x>iding to Lysenko) phases in tho develojinient 
cycle, vnly thr<H> luive so far l>een elearly identirK'd. Tho iirst phase and 
second ]ihasc cover tlu^ jieriod from germina-tion to inllorescenoe, and the 
third })hase, first noted l>y Kiricenko [11)34], covers tlie period of tho 
prodind ion of the gametes. The reipiircrnent of the first pliase is specific 
temperature, of the second phase, temperature find jdiotoperiod, and of tho 
t hird phase, pliotofieriod. Thus, if tlie low temfierature requirement of the 
first pliase of wantia* wheat be lacking, the jilant w ill not be able to advance 
to tlie infiorescxmce stage. But Purvis and Oregory [1937] have shown that 
preliminary short-day treatment, without low temperature, w ill enable winter 

I 
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rye to advance to tlie re|)ro(l active stage, and that low temperature of ger- 
inination cannot })e regarded as tlie initiating footer in flower production but 
is rather an accelerator. 

The vernalization experinients with mustard to be described in this 
paper corroborate the conclusion tliat germination at low tem])eratiire acts 
as an accelerator. VT^rnalization technique depends on the discovery of the 
priiKuple that as soon as th.e growth of the dormant embryo starts, tlie seed 
can be treatcui, from a physiological point ot view, as a growling |)1ant. In 
other words, similar develoj^ment processes will occur Avhether tlie environ- 
mental re(iuirements of temperature and light are prc-supf>lied to the ger- 
minated seeds a.nd seedlings before they are sown or tranH|)lanted, or wliethor 
the plants obtiiin these under natural conditions in an advanced stage of their 
vegetative growth. In other words, l)y using pre-treated seeds of (*ertain 
(Tops it is possi(>le to raise these (Tops in a region or during a given season in 
which the necessary environmental foedors are normally lacking. In discus- 
sing the [xjssibilities of vernalized seeds for Indian agriculture, however, it 
has been shown [Sen, 1939) that except for transplanted (?rops the many 
theoretical possibilities of pre-supply of environnumtal factors are limited 
practically to tbc su})ply of low te!n|>erature. 

Lysenko maintains that ' tlie processes conditioning the sexual repro- 
duction of (X'reals may ocaair not only in growing jilants, hut also in a seed 
with an embryo which has just commen(‘ed developTnent hut not broken the 
seed-coat ’ [Imp. Bur. of PI. Genetics, 1935]. 8o far as we are aware, 
how'ever, all vernalization oxptTimcnts do.scribed in the literatui'o have 
been carried out witli chilled seedlings— for germinated secals during the 
period of chilling normally develop into seedlings — and not (‘lulled seeds with 
intact seed-coats. In the case of Gramirieae (wheat, oat, barley, etcc) seeds 
with emerged coleoptile and several roots can be dried and succ(cssfully re- 
germinated, but drying is fatal in tlie (Tise of mustard seeds with emerged 
radicles. In our preliminary report on vernalization of mustard [S{‘n and 
Chakravarti, 1938], exjierirnents have been described whicli show that, (a) 
plants from cliilled seeds — alike those which sprout during the period of (dul- 
ling and those with intact seed-coat (uns])lit seeds) — flower significantly earlier 
than plants from untreated control seeds, (/>) for the same dose of (‘hilling, 
the earliuess in flowering is greater in plants from sprouted vernalized seeds, 
and (c) despite greater earliness that can be obtained from sfirouted verna- 
lized seeds, only nnsplit vernalized seeds of mustard offer practi(^al agricul- 
tural possibilities, since the sprouted chilled seeds have to be sown with great 
care for the reason tiiaJ drying is fatal for tliem, while, on the otlier hand, 
unspiit seeds can be dried and storeni without any loss of subsequent germinat- 
ing capa(a‘ty. 

The results of the past four years’ vernalization experiments with mustard 
at Almora (United Provinces) are described in the present pa]>er. Most of the 
experiments were carricnl out with mustard Type 27 from New Delhi, but 
vernalization responses of mustard Types 9 and 11 from Cawnpore, and of 
yellow sarson and raija O.B/I from Lyallpur, have also been obs(u*ved. 

Working with winter wheat, Lojkin [Hk3C)] found that drying induced 
devernalization, and Gregory and Purvis [1938] observed similar reversal 
of vernalization induced by drying of venialized grains of winter rye. Our 
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first problem, therefore, after our preliminary experifiients [Son and Chakra- 
varti, 1938], was to find out whether vernalized u]is])lit seeds of mustard, when 
dried and stored for a ininimiim period ne(x*ssary for the ])ra(di(^al require- 
ments of distribution and sowing, would retain uniiripaired the effeet of (^hih 
ling. After the encouraging result of tlie first experiment of 1938, which 
showed that drying of unsplit cinllod seeds up to 9 days — a, likely minimum 
period re(|inred for distribution and sowing — did not im|)air the induced 
vernalization, experiments were undertaken to find out ; (1) The o])tiinum 
conditions and period of cliilling necessary to indine maximum vernalization 
in unsplit chilled seeds of mustard. (2) Vernalization response of different 
strains of mustard. (3) Effect of vernalization on the f)rogeny. (f) Period 
for whicli unsplit chilled seeds could be dried and storecl witliout a/ny loss of 
induced vernalization. (5) Effe(it of after-sowing ternperafnre and da^-^- 
longtli on the vegetative ]>eriod of plants from control and vernalized secils. 

Material and method 

The teiknique of vernalization previously described l)y Sen and ( ’hakra- 
varti (19381 has been found to be very satisfactory for sjnall .sampl(^s of seeds. 
J^’^or vernalizing larger samples necessary modifications w t're introduced, parti- 
(vularly in regard f.o the (HJiitainers of seeds ami p!*ovision for absorption of 
CO 2 from the I’espiring seeds. The seeds to be chilled are first soaked under 
excess of water to make them absorb about fiO per cent ofthei!' w eight of water, 
wliich generally takes six to eiglit hours, aec-oi'ding to the loom temperature. 
After removal of exc'css water by s})reading the seeds o\ ei* several layers of 
absorbent elotli. they are put in muslin bags or unglazed porcelain pots of 
suitable sizes and are then phn^ed inside the moist-chamber of the (inlling- 
ca])inet. 

Any watertiglit box of' recjuirod diinonsious witli removai>lc lid (uin be 
used for a inoist-chain).>er. Wlien boxes of thin wood are used, they sliould 
be thoroughly asfihalted inside and out. Tlie inside of the l)o\ is lined with 
blotting jiaper and sufficient water is ])la<‘e(l at tlie bottom of the box to 
maintain tlie absorbent lining moist lliroughout tlie ]>criod of chilling. For 
absorption of (H)^, a concentrated solution of KOH is kept at tlie bottom of 
the box in a large, flat porcelain dish, tlie rim of w hich is previously paraffined 
to ])revent creeping of KOH solution. A removable thick w ire-net frame is 
placed over tlic KOH dish to protect the seeds against any a<H‘idental con- 
tact witli the solution. Seeds in l>ags arc snsjxmded from hooks screwed 
on to the removable lid of the box, care being taken to see tlnit the suspended 
bags do not toucli the wire-net guard, or tiic moist blotting-paper lining 
of the box. Wlien imglazed porcelain pots are used as seed (jontainers, they 
are plained on the wire-net guard above tlie KOH solution. From daily 
readings of tlie niaxiinum-minimiim thermometer, tlie temperature range to 
which the seeds are sulijected is recorded. ObA iously, from these readings 
no definite idea is obtainable about tlie duration of the recorded temperatures 
each day. 

An electrically operated cabinet of the ]^'rigidaire type w itli an automatic 
device for maintaining a constant low' temperature is undoubtedly the most 
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suitable appliance for chilling seeds. Since Almora has no electri<; supply, 
we used a kerosene-operated Electrolux for our experiments. An ordinary 
ice-box can, liowever, be used for chilling seeds, and when the low temperature 
required is not below and only small samples of seeds are to be chilled, 
even a wide-mouthed thermos-flask can be used very successfully for chilling 
seeds in the following way. The thermos-flask is half-filled with freezing 
mixture and the soaked seeds are hung in a muslin bag from a liook screwed 
on the underside of tlie cork stopper of the flask. The process of daily renewal 
of the freezing mixture insures the necessary removal of C'Oa and a supply of 
fresh air. Additional moisture when required can be given to the seeds by 
dipping the bags in ice-cold water — the excess water automatically drij)s 
down into the flask. As will be seen later, mustard seeds thus chilled in a 
thermos-flask gave excellent results. 

After the required periods of chilliiig, the H])ronted mustard seeds are 
discarded and the unsplit seeds are washed and dried at room terriperature 
till they attain a constant weight. The period varies from tliree to fi\^o days, 
according to the season. The seeds are then packed in a sealed container 
and stored inside the lilectrolux. 

Sowings wore done both in pots filled with tliorougldy sifted garden soil 
and in well-prepared field plots. When there were only two varialdes, i.e. 
one treatment eacii of vernalized and control seeds, they were sown in two 
halves of the same pot. Four plants (two of eacli) were grown in one pot 
(9 in. diameter). For preliminary trials two or three pots were used i’or each 
sowing. In final trials four pots for eac^h variable were used. For fi(*ld plot 
trials four to six reifications were used. To avoid errors of observation and 
possible injury to the growing point involved in determining the date of emer- 
gence of the first flow'er-buds, tlie date of tlie o])ening of the first flower- a 
strikingly visible phenomenon — was arbitrarily ta)<Len as tlie end of the vege- 
tative period. The observed percentage of shortening of the vegetative 
periods (from sowing to opening of first flower) of plants iVom chilled s(H‘ds 
compared to those of control plants was taken as the measure of the vernali- 
zation response. 

Experiments 

Experiment 1 

As has already been stated, the first experiment carried out in 1938 was 
to determine whether chilled unsplit seeds of mustard w hen dried for a ])eriod 
of about a week would at all retain the induced vernalization. Tins experi- 
ment being of a preliminary nature, seeds from a batcli chilled for 30 days 
were sown : (t) immediately after removal from chilling cabinet, on May 
26, 1938; (ii) after drying for three days, on May 29 ; {Hi) after drying 
for seven days, on June 2 ; and (iv) on June 4, after drying for nine days. 
The first three sowings were in pots and the fourth, replicated four times, 
was in well-prepared small garden plots. The control seeds used for the first 
Bowing were previously soaked under water for six hours, and for the rest of 
the sowings, ordinary dried seeds were used. Control and vernalized seeds 
were sown in the two halves of each pot. 

It will be seen from the data summarized in Table I that in all the four 
Bowings, plants from unsplit chilled seeds flowered significantly earlier tlian 
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those from control seeds grown under similar after-sowing conditions. The 
vegetative periods of plants from V-seeds in all the three pot sowings were 
similar. The greater percentage of shortening ol)served in the first sowing 
(fresh chilled seeds) was due to the increased vegetative period of the plants 
from tlie C-seeds. From this experiment the conclusion is justified that 
unsplit cliilled seeds of mustard when dried up to nine days — the likely mini- 
mum period required for distribution of seeds — will produce plants which will 
flower earlier than the untreated control. 

Table I 

Vegeiative period of mustard j^lants : C, from control seeds, and F, from verna- 
lised unsplit seeds 
(Period of chillijig, 30 days) 


Sowing dato 
(1938) 

Average v(‘getaiive 
p(3riod 
(days)* 

Period of drying | 

of V -Heeds I 

(days) 

i 

Short ; ‘11 ing of 
vegetative pc^riod 
of V -plants 
(per cent) 

20/5 

■ 1 

|O--47*04 2-05 (3) 

V — 35*0^0*75 (5) 


25-5 

29/5 . 

1 

C 41 -8 4 0 -(PJ (10) 

V- 36 -Oi O -63 (16) 

i 

3 1 

i ' 

13-9 

2/C 

1 

1 C -42 -6^1 -06 (13) 

1 V - 35 -Oi l -2 (12) 

7 

i 

17 *8 

4/6** , 

1 C -~ o3-6 i 1 -39 (37) 

1 V 38 -7 i 0-73 (40) 

' 9 i 

1 

i 

27 *7 


* In this find in BubHe'quent tal>les, figures witliin parantheKe^ indicate the number 
of plant*; the in<‘an of w hich in given. 

** fciow^n in Hiimll field j)lotH. 

Experiment 2 

To determine the period of chilling required for inducing maximum 
vernalization in unsplit cliilled seeds, diflerent batcdies of seeds were placed 
in the chilling-cabinet on appropriate dales to obtain, on July 1, 1938, batches 
of seeds chilled for eight, six, four and tliree weeks, respectively. These 
were all dried for 10 days and were sown, along with the controls, in four 
pots each on July 11, 1938. On this date batches of seeds chilled for four 
weeks but dried for 23 and 45 days were also available, and they were also 
80 WUX in two pots each, to find out the effect of prolonged drying of unsplit 
chilled seeds. 

The observed results are summarized in Table II. It will be seen that 
in all treatments plants from V-seeds fiow^ered significantly earlier than those 
from C-seeds. The maximum earliness observed was from seeds chilled for 
six wrecks (Plate I, fig. 2). The difference observed between treatments of 
eight, four and three wrecks’ chilling is not statistically significant, but the 
vegetative period of plants chilled for four weeks differs significantly only 
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from those of six weeks’ chilling and not from eight and three weeks’ chilling. 
Therefore, it was tentatively assumed that chilling for six weeks would induce 
maximum vernalization in unsplit seeds. It will also be seen that there is 
no significant difference in the vegetative periods of |)lants from seeds chilled 
for four weeks but dried for 10, 23 and 45 days. The fact that the seeds 
oiulled for six weeks showed a higher degree of vernalization (?ompared to 
those chilled for eight weeks clearly indicated that eitiier, (/) the conditions 
of chilling were the optimum in the batch chilled for six weeks, or (ii) chilling 
beyond six weeks had induced devernalization. Therefore in 1939 investi- 
gations were undertaken to find out the o})tiinum chilling (conditions and also 
the effect of prolonged chilling. * 

Table II 

Effects of different periods of chilling and drying 
(Bowing dntt', July IL 1938) 


Period of 
cliilling 

(weeks) 

Period o 
drying 

(days) 

1 

V(‘getntiv'e | 

])eri<)d 

(days) 

Short ei ling 
vegetative 
period in 
V- plants 
(p( ‘r eeut ) 

Nil (control) . 


44 -91 1-17(15) 


3 . 

'» 

37-0:re -73 (15) i 

17 •<» 

4 . 

0 

41 -3 } ! -5 (7) 

H •(! 

4 . 

10 

37 *8:1; 0 .85 (10) ; 

15-8 

4 . 

2.3 

; 38*0:J::1-17 (8) 

15 -3 

4 . 

43 

! 39-5,l:,0-8I (8) 

12 (I 

6 . 

1 

10 

i 34 -7 1 0 -90 (10) 

22 '7 

8 . 

10 

! i 

37-0 i. ()-97 (15) I 

Analysis of variance 

17 -0 


Due to 

D. F. 

Sinn ofaq. 

Mean Kfj. 

1 ■ . 

Kfitio ohsi'rved 

Betwe^en tre'atment 

7 

984 -57 

140 • 05 


Within treatrnont . 

1 

1 92 

i 

1286 *00 

13 -98 

10 -05 ♦♦ 

1 

Total 

99 

2270 *57 




8 , iE. per plant 3*74 
♦♦Significant at 1 per cent level 



7 


IJ STUDIES I\ /ERNAUZA/l’ION OF MUSTARD 

Opthnnm chilli ng condi iknis 

In tlie of winter wtieat, it has f)ee!i shown by Lojkin [1936] that 
the degree of vernalization indiu'cd increases with a gr(‘;it’er rate of life activity 
within the seeds during tlu^ proc^Nss of‘ chilling. Sen and Cha.kravarti [1938] 
have also found this to bo ef|ually true in the case of mustard. Working w'ith 
excised embryo of winter rye, Gregory and Dur\hs [193<S| liave (*learly de- 
Tnonstra/t(?d that the rea-ctions inv(»l\ed in tiie prnc(\ss of vei’iialization are 
loc^alized in the emt)ryo of the seeds. ()b\ iously, the rate ot life activity of 
the embryos of seeds which .sprout during the |)rocess of chilling must be 
greater than that of seeds \\ hi(di reimdn unsplit. 'J9ic Fact tluit w lien a batch 
of soaked seeds of mustard is chilled vairying |)ro|)ortions of both s])routed 
and unsplit s(x>ds are oldained, indicates that, {! ) all the seeds of a given 
samj)le are not shtiilar in regard to their s|)eed of gormination , or (n‘) that 
during tlie })ro(*ess of chilling all the seeds are not subjected to identical en- 
vironmental fa(tors of temperature, moisture su{)j)ly and oxvgen tension, 
or (Hi) a eoml)ination of both (i) a,nd (ii). That the sj^eed of gerjiunation 
of individual seeds of a given sam|)le ol‘ mustard varies, is seen from the fact 
tlud even at loom tem]>eraturc (2t) T!r> (f) when soaked seeds arc sj>read over 
moist blotting paper in co\ e]*ed petri disluss in a single layer in batches of 
50, it generally takes 14- In hours from the sprouting of the first seeds in 
ea(‘h batch until all the seeds in the batch have s])roat(Ki. At lower tem})era- 
ture (n -lO f '.) tins period is increased on a.n averitge to 15 days. Since w'e 
have l)een able to re(*o\'er mis[ilit mustard s-ceds from samples (‘-hilled lor 365 
days, it is evident tliat germinaiion speed of individual sc^eds is not sinular, 
and seeds dmisely piled in bags for chilling ar(‘ obviouslv not sul)je(*ted to 
uniform environmental fa.etors. No attem[)t lias lieon made to overcome 
tliis problem, since ii is due to this \ erv lack of uniformit\-, alike of the specul 
of germination and of tlie mivironmental conditions, thaf wo liave bo(m alile 
to recover unsplit thilled seeds. I'urt liermore, tlie seeds which sprout during 
the jirocess of chilling offer the only ^isible indication that life activity is being 
nuiintained in. th(‘ samples as a wliole. Experinumts liave Icen undertaken, 
however, to find out the optimum temjieraturc i*a.nge and moisture sujiply for 
obtaining maximally verjializcnl misplit secals. 

Extekiment 3 

For lack of an automatic device for maintaining dilTerent low tempera- 
turi! ranges, a-dvantage was taken ul the delinite tem|)eni:ture gradient whi(‘h 
exists inside a keroscne-o [ leratei 1 Elect rol u \ , ( li ffereiit batches of 

mustard s(XHis (2*5 gm. eacli). after being soaked under water for six hours, 
were k(‘pt on tlie three shelves of the Electrolux, in three moist-ehambers 
wdthin whi(5li high humidity was maintained. From the daily record of the 
tlvroc maximum-minimum thermometers kept ou the tliree shelves, the average 
temperature for the jieriod of chilling (31 day s) wa.s obtained. The chilled 
imsplit seeds wei‘e dried at room temperatui'c till they attained a constant 
wTvight, and (Nudi sample was weighed ti) determim' the percentage of recovery 
of unsplit s(hm1s. The results of sowings of these seeds on 8e}>tcmber 11, 
1939, are given in Table III. The statistical analysis of tlu^ data shows that 
compared to tlie plants from the three samples of unsplit vernalized seeds, 
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chilled at different temperature ranges, the plants from untreated control 
seeds flowered significantly later, and that the differences ol)served in the 
vegetative periods of plants from different batches of vernalized unsplit seeds 
were not significant. Unis it would ajipear that a temixnaturo range between 
2° and 12""C. can be succiessfully used for chilling mustard seeds, but the 
higher the temperature the smaller will be the recovery of unsplit chilled 
seeds. 

Table HI 

Effect of chilling at different temperature ranges nrith similar moisture supply, 
and percentage of recovery of unsplit chilled seeds 
(Sowing dale, SBpt/oml>or II, 1939) 





Shortonir\g of 

Moan tonri )orat n ro 

Vc^gi'tative 

K(‘cnv« ‘rj’ of un- 

vogotativo 

{‘C.) 

T)t>riod 

1 

1 

splii B('od8 

|)or*iod of 
V'pIantH 

1 

(days) 

(por cent) 1 


Control . 

04 -44 2 dllt (10) 

. . 

1 

1 

Topsholf 3*5— 12 . 

45 -Oi:! 'lO (10) 

7 '2 

1 8 - S days, or 29 *2 jior 

CM ait 

Middle Bliolf 2—10 . 

4r)-4±2-42 (0) 

14 -4 

19 -0 days, or 29 - a per 
ernt 

Bottom sludf 0 — . 

47 -Si; 2 -73 (8) 

1 

32 •() 

17 •! dayK, or 20 *5 p(‘r 

: CM “lit 


A nalysis of variance 


ue to 

1). F. 

Slim of 8(p 

i 

Moan nq. 

Ratio ol)Herv’'t>d 

aiinont 

bniont . 

! 

1 

3 

33 

2576-47 

i 2464 -80 

858-82 

74 -00 

11 -49 ♦* 

Total . j 

36 

5041 *27 




S. E. per plant 8 '64 
♦♦ Significant at 1 per c<'nt lovol 

Experiment 4 

Under otherwise similar conditions, the rate of life activity of tlie embryo 
of mustard seexis increases, within limits, with increased supply of moisture, 
and therefore for the same dose of chilling the vernalization induoetl will vary 
according to the moisture supply. But to obtain vernalized unsplit seeds the 
embryo must not be allowed to grow beyond tlie elastic limit of the seed-coat 
Though it lias not yet been possible for us to determine the critical stage of 



STUDIES IN VERNALIZATION OF MUSTARD 


9 


growth of the eml>ryo at wliich the seed -coat will hurHt, some rough estimate 
has been obtained about the effeet of high and low liuraidity supply on in- 
duced vernalization under similar low temperature range. The variation 
of moisture supply was obtained by using different seed containers. For 
this experiment batches of 250 gm. of seeds were used for each treatment. 
For low humidity, two batches of prevdously soaked seeds were placed in un- 
glazed porcelain pots and no additional water was given during tlie ])eriod of 
chilling ; for high humidity, five batches of seeds were ])ut in muslin bags 
and every week the bags were dipped in ice-cold water. Both sets of seeils 
were kept in the same rnoist-chamher. The seeds in unglazed j)orcelain pots 
were jdaced on to)) of the wire-net guard of the moist-chaml^er, and tlie muslin 
bags were hung from the hooks attached to tlic removable lid of the moist- 
chamber. dlie two batches of seeds in unglazed porc^elain jiots were chilled 
for longer jxwiods than any used for batches in muslin Ijags. The various 
batches were j)laced in the cliilling-cabinet at a)»j)ropriate dates so that by 
September 22, 1939, the sam|)]es subjected to low liumidity had been chilled 
for 14 and 12 weeks, and those subjected to liigh humidity for ten, eight, six, 
four and two weeks. After removing fhe s})routed seeds, the unsplit chilled 
seeds of all the batches were dried at room temjierature for 10 days and weigh- 
ed. Tliese seven samj)Ies of (billed unsfilit seeds were sown along with the 
untreated control seeds in well-j;re]jared field ])lots. Four rejjlications were 
used for each of the variables. The vernalization resywnse of the different 
samples of chilled seeds and tlie ])ert‘entage of recovery of the uns]:>lit seeds 
from each sam])le are given in Table IV, and further details of this sowing 
are given later (Table IX) along Asith the statistical analysis of the data. 

Table IV 

Vernalization response of vnsplii seeds chilled af lov: and hiyh humidify and the 
recovery percenlage ef mis j lit seeds 



(Sowing dntr. 

Oi'toIxT 2, li>3<J) 


ENti id of 

liumidity 

V<Tnalizcit ion 

V of 

ctiilling 


rosponso 

unsplit seeds 

(weeks) 


(p T ei’iit) 

(p^r c('jit) 

o 

Higl. 

10-05 

78-0 

4 . 

i 

1 

14-24 

58 -2 

0 . 


i 

30 -2(5 1 

i 

33 *5 

8 . . 


28 •4t> 

40 -0 

10 . 

ft 

31 -37 

34 4) 

12 .... 

Low 

13 *86 

60 -0 

14 . 

if 

25 It) 

1 

; 67 -0 

1 

i 
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The observed differencjes in vernalization response of samples chilled for 
six, eight and ten weeks with high humidity and 14 weeks with low hiunidity 
are not statistically significant. This shows that chilling for six weeks under 
optimum conditions induces maximum vernalization in unsplit seeds and that 
chilling under similar conditions for 10 weeks does not induce any deverna- 
lization. Though chilling with high moisture supply for only six weeks 
induces maximum vernalization comparable to that induced by chilling for 
14 weeks with low moisture suj)j)ly, the percentage of recovery of unsj)lit 
seeds in the case of low humidity treatment is nearly double the figure for 
high humidity treatment. 

Experiment 5 

The conclusions of experiments 3 and 4 explain why the unHj)lit seeds 
chilled in a thermos-flask were maximally vernalized. An experiment 
was undertaken earlier to explore the })ossibility of utilizing simple devices 
for vernalizing mustard seeds. A temperature range of 4 ^ — 811 and maximum 
humidity can be obtained for chilling seeds inside a wide-moutlied thermos- 
flask (such as is used commonly as a food-jar) half filled w ith freezing mixture. 
A batch of mustard seeds previously soaked under water for six liours was 
chilled in a thermos-flask for 52 days. The freezing mixture renewed 
daily, tlius assuring an adequate supply of oxygen for the seeds. Tlu^ unsplit 
seeds chilled in a thermos-flask, after being dried for three* days, wei’c sown 
in pots on April 24, 1939, along with maximally vernalized unsplit seeds 
(chilled for 167 days) and the untreated control* The vegetative [leriod of 
plants from control seeds was 41 -5^:1 *95 days (mean of four plants), w hile 
the periods of plants from seeds chilled in the thermos-flask for 52 days and 
chilled in the Electrolux for 107 days were found to be similar. !)eing 31*0 p 
0*79 days (mean of five plants) and 31'9:i:()*r)4 (mean of eight ])laTits), res 
pectively. 

Another preliminary experiment was undertaken to find out whetluM- 
the ground temperature of Ahnora (2'^ — B'^C.) could be used during w inter 
for chilling seeds as a cheap method of vernalization. Chilling for 35 day s 
under frost-covered ground produced a significant vernalizat ion resjxuise, but 
the results showed that the seeds wTu*e not coniplcteiy vernaliz(‘d, as tlie 
shortening of the vegetative f)eriod from maximally vernatized setxls, sown 
on the same date, was 25*6 per cent, while those of plants from seeds ( hilled 
by the ground temperature for 35 days was only 12*7 ])Ct* cent. M'orn this 
experiment it is evident that at least j)artial vernalization can be obtained 
without the cost of ojierating a chilling-cabinet. The possibility of obtain- 
ing maximally vernalized unsplit mustard seeds is being ex|>lored. 

Experiment 6 

In the case of winter wheat it is reported [Imp. Bur. of Pb Genetics, 
1935] that seeds can be vernalized by instalment. For ijisfaiute, instead 
of chilling continuously^ for 50 days, seeds may he chillcHl for 40 days, 
kept in a dry state until required, and tlum given a further period of (‘hilliiig 
for 10 days before sowing. On tlie other hand, (bx^gory and Purvis [1938] 
have shown that ‘ as far as tendency to flower is concerned, the vernalized 
seeds of rye dried for 20 weeks are identical with un vernalized control.’ In 
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the case of mustard, it has already been shown (experiment 2) that drying 
of unsplit chilled seeds up to 45 days does not afiect tlie indiu^ed vernalization. 
The following experiment was undertaken to find out : (i) whether drying of 
partially vernalized unsplit mustard seeds for a period of more than 20 weeks 
would induce compbde devernalization ; (ii) whether partially vernalized 
unsplit mustard seeds could he re-chilled to induce maximum vernalization ; 
and (ii/i) whether prolonged clniling would induce devernalization. 

Plants from a battdi of seeds chilled for six weeks from August 23 to Octo- 
ber 4, 1939, dried for 10 days and sown in a small field plot sliowed a significant 
shortening of the vegetative period of only 7*2 per cent, a percentage con- 
siderably lower than could be expected from maximally vernalized unsplit 
seeds. This l)at(4i of seeds was stored in the Eleettrolux in a sealed bottle. 
On December 18, 1938, a sample from this bat('h of stored chilled seeds was 
soaked under v ater for six hours and re-(4nlled in the usual way till March 4, 
1939. Still another ])atch of seeds was chilled uninteiTuptedly from October 
25, 1938 to March 4. 1939. Both the re-(‘hilled and continuously chilled unsplit 
seeds were dried for seven days. Thus, on March 11, 1939, the four batches 
of seeds sown were : (1) c liilled for six weeks, dried for 158 days ; (2) chilled 
first for six weeks and tlieiu after drying for 74 days, re-chilled for a further 
period of 77 days (the combined period of chilling being 1 19 days) and re-dried 
for seven days ; (3) (‘lulled continuously for 129 days and dried for seven 
days ; and (4) control. From the observed data given in liable V it will be 
secMi that : (/) in(*om]>letely vernalized unsplit seeds of mustard when dried 
and stored for 158 da,ys can retain the effect of chilling, for they produced 
plants wiiicli flowered significantlv earlier than the control plants ; (ii) in- 
(‘omidelely vernalizc^d uns{)lit seeds (;an be re-chilled after a period of drying 
for 74 days, to induce maximum vernalization, for the difference observed 
b(‘tween Tsios. 1 and 2 is statistically signifh'ant ; (Hi) continuous chilling 
for a |)eriod of 129 days did not produce any injurious efleett on the unsplit 
seeds, at least as far as tlu' vernalizing reactions were con(*erned. 


Tarle V 

Effects of re-chillHig vncoVf(j[)U i(]y vernalized nnsplii seeds and of ccnitimions pro- 
longed chilling on induced veTnalizaik/n 
(Sowin^z MaicJ) 11, H>39) 

Tieatmerit of Shortoiiing of 

S('<h1s \5'gotati VO period taf ive ])<'riod in 

V-])huits 
(per cent ) 


1 (3iill(‘d a \v«‘eks, drii'd 158 days . 41 *77 2 () *4H ( 1 3) 4*5 

2 ( ’hilled 6 w ('{'ks, after <lrving 74 38 *14 4 0 *25 ( 1 4) 12-8 

days le-elulled 77 days and 
then dri(‘d 7 days 

3 Continuously ehill(*d 1 29 days . 38 • 17 4 0 'aU ( 12) 

4 I Control . . , . .| 43 -751:0 -56 ( 12; 



12-7 
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These results jiidicate that it is possible to utilize any natural winter 
ground teiuperaturc ranging from 1° to r2”0. for vernalization of mustard 
seeds, since even if tlie cold temperature available in any given region be for 
a period not long enough to induce maximum vernalization, the partially 
vernalized unsplit seeds can be dried and stored for subseriuent re-chilling 
by artificial low temperature at a convenient date. 


V eriializalion respajisr, of different strains of iniistard 

Prcliininar}' exf)eriinents were undertaken to find out whether strains 
of mustard other tlian Ty|>e 27 would also respond to vernalization. l\vo 
strains of mustard from Pawn pore. Types 9 and 11, two strains from Lyalh 
pur, raya O.B/f, and yelloAv sfirson, were tried. It was found that unsplit 
chilled seeds of all those strains of mustard produced jfiants wdiich Hovered 
earlier than the plants from untreated control seeds. Compared to C 11, the 
vernalization response of (- 9 was (‘onsiderably greater. In the Lyallpnr 
strains, in a sowiiig of 8opteml)er (>, 1938, tlie peiHontage of earliness observed 
in tfie o])oning of tlie first flower of jdants from unsf)lit seeds of raya O. B/I 
and of yellow sarsoie l)oth chilled for 39 days and dried for 19 days, was 19*8 
and 39-7, res]*octively. 

Expkriment 7 

A sowing was nndertaken to fitid out the com|)arative vcuTializaiion 
responses of mustard Type 27, (! 11 and C 9, fSaniples of these strains were 
chilled for 52 days, and after drying at room tem})fn*aLure for four da.ys the 
unsplit chilled seeds were sown, along with their resj)e(*tive controls, on August 
11, iJ)39. From the results summarized in Table VI, it will be seen that wit li 
similar pre-ehilliug treatment of seeds and under similar after -sowing enyirc)n- 
mental conditions the pereentage of shortening was the greatc^st in {plants 
from ehilled nnsplit seeds of Type C 9 and lowest in Typo C M. 


Taule VI 

Comparative vernalization responses of musUird Type 27, C 9 and C 11 
(All cl lilt'd for 52 days, dri<'d for 4 days and sown on August 1 1, 1939) 

I 

Strain | ycg(*t..at. ivo Shortcniji^ of 

j ])oriod j)criod in V-jilanls 

(d(iy8) 


Cll C— 40-lfi4 0-fi4 (12) 

V- 31 •824- 1-3 ( 11 ) 8-34 dayfi or 20 -70 per cent 

Type 27 i C 59 -9 J 2 -06 ( 10 ) 

' V 37 - 55 i 0-92 ( 9 ) 22 -35 days oi; 37 -31 percent 

0 -- 61 - 441 - 2 -93 ( 9 ) 

V — 30 -ISil -53 ( 11 ) j 31 -26 days or 50 -88 per cent 


G 9 . 
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Effect of vernalization on the progeny 

Experiment 8 

To find out whether the efieet of vernalization is transmitted to the 
progeny, four different sowings were undertaken, and tlie vegetative periods 
of plants from seeds collected for tliroe smajessive generations of (control and 
vernalized seeds were observed. Tn these observatiotis it was assumed that 
if the effect induced by chilling of seeds is transmitted to the progeny, then 
the plants from seeds eollcMited from the very first generation of vernalized 
seeds would produce at least ])<irtial1y vernalized seeds. If, howev'^n, the 
effect transmitted to the progeny be of an undetectable intensity in tlie first 
generation, then vernalization of tlie progeny of vernalized seeds for three 
successive generations miglit be expecUnl to give some \'i.sible indications. 
The first sowing was undertaken to collect the progenies of controi and verna- 
lized seeds. In tlie second sowing, the jirogenies of the control and vernalized 
seeds were vernalized and sovvm along witli tlunr res|>ective untreated controls. 
This process was continued for the third and fourth sowings. The oliserved 
vegetative periods in all these sowings are given in Table VI 1. 


TAliLE vn 


Vegetative periods of plants from three, saecessive geaerntions of vern/ilized and 

control seeds 


No. 

Se(<(i slook 

Sowing (lute 

Period of 
rhilling 
(days) 

Mean vegetative ]>erio(l 

(days) 

Significance 

1 

Original stock 

.Tune 4, 11138 . 


C - 53 •(; -!. 1 '39 (.3-) 





3f) 

V--38'7 i O-:.') (40) 

** 

2 

rroKcn>’ of .1 . 

May lf3, 1931) . 


CC— 41 -7 1:1 50 (12). 






vCWl 'OiO-rc^ (12) 

Not sig. 




r>o 

cV— 28 •440 -04 (11). 





50 ' 

vV— 30-3 i,0 5I (12) 

' Do. 


1 Progeny of 2 . I 

1 

i 2. 1939 . 

i .. ' 

: ccC- -71 ■3i2-53 (7). 



1 1 


1 .. 

vvC— -74-7J-.3-45 (4) 

Do. 

1 

i 


30 

reW'— 34 •8 :1,2 -21 (5). 





30 

j 

VVV-.35 2il-72 (5) 

Do. 

4 

Progeny of 3 

.Turn' 5, 1940 . 

J 

CccC — 4()'4;i:,0<9 (8). 





i 

vyvr — t7-li()-7 (8) 

! 

] 

1 


51 

■ r.ccV—33-84:l-rv9 (7). 

! 


! 


51 1 

! VvvV- 39-f>±l'02 (8) 

! ** 


Significant at 1 per cent level 


For abbreviation, the generations of the seeds used are indicated by small 
letters (c, control, and v, vernalized). The particular treatment given in 
each sowing, i.e. control or vernalized, is indicated by capital letters (C, un- 
treated control, and V, vernalized). Thus, for example, control seeds used 
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for the third sowing are indicated as ccC and vvC. They arc untreated pro- 
genies of the second generation of (control and vernalized seeds. Sinularly 
in the fourth sowing, vernalized seeds of the third generations are indicated 
as cccV and vvvV. 

Except in the third sowing only, iinsfdit vernalized seeds were used for 
the vernalization test. Sprouted vernalized seeds had to be used for the third 
sowing because not only was the quantity of seeds we could collect from the 
second sowing very small, but the (jiiality of tlie seeds ap{>eared to be poor 
as well, and we could not b(‘ sure that unsplit cliilled seeds of this sample would 
be viable. Botli the sprouted control and vernalized seeds of tlie third sow^- 
ing prodiicod normal seeds, however, vdiich wore used for the fourth sowdng, 
when again unsplit chilled seeds were used. From Tal)Ie Vll it will be seen 
that in sowings 2 and ‘1 progenies of control and vernalized seeds, alike un- 
treated and vernalized, produced ]dants witli similar vegetative })criods, sim?e 
the observed differences are not statistically significant. In sowing 4, how- 
ever, the differences observed in the vegetative })eriods of cceC- ?ind vvv( 
j)lants and cceV- and vvvV-plants are statistically signiticant, but it wfis tlie 
ccc-seeds which prodmied plants w’hi(4i flowered earlier than those fiom vvv- 
seeds. Thus, it can be concluded tliat the effect of‘ vernalization, as far as 
earliness in flowering is com*erned, is not transmitted in the (‘ase of mustard 
Type 27 up to the third generation. The significant earliness o])served in 
flow^ering of plants from cec-seeds was due not to any cumulative inlieritance 
nor to deterioration of vvv-seeds but, as will he seen from the following i>re- 
liminary ex})eriments, to the Ifiwer tempera-ture range during the [period of 
development and maturity of the seeds of ccC-plants, the first flowers of w hich 
opened from November 2 to November 24, wiiile the convsjiondiug piu'iod 
of the vvV -plants w as from ()ctol)er 2 to October 14. 

Experiment 9 

It has been observed liy Kostjucenko and Zarubalio [1937] tliat wlieat 
seeds wdiich develo[) and mature under low temperature be<H)me natmaJly 
vernalized. Gregory and Purvis [1938] actually jiroduced vernalized winter 
rye seeds by (dulling tlio ear. Mustard is a winter cTop. In (‘omparison 
with the Dellii region, Almora has a much colder winter, and as lias already 
been shown the winter ground temperature of Almora can in fact bc^ utilized 
for vernalization of mustard (Experiment 5). If low^ temf>erature during 
seed reproduction e/<m induce at least partial vernalization, then, (/) untreated 
mustard seeds of the normal Almora harvest would be expected to produce 
plants wdiicb wx)uld flowau* earlier than those from the normal Delhi liarvest, 
and (ii) Almora summer teri\j)erature being considcraldy higlicr than that of 
the Delhi wdnter, seeds repi’oduced in Almora from off-season sowings would 
be expected to produce plants which would flow^er later tlian plants from the 
normal Delhi harvest. The results of different sowings given in Table VIH 
indicate that low' temperature during seed ripening will produce partially 
vernalized seeds ; for in sowings Nos. 1, 2 and 3 the seeds from normal 
Almora harvest produced plants wdiich flowered significantly earlier than 
those from the Delhi normal harvest, but in sowdng 4, Almora summer seeds 
produced plants which flowered later than those from the normal Delhi 
harvest. 



STUDIES IN VERNALIZATION OF MUSTARD 


15 


I] 


Table VIII 


Vegetutive periods of plants from seeds reproduced under different temperature 

ranges in Delhi and Almora 


Nos. 

Date of 
sowing 

Seeds 

Vogotativo 

pfTiod 

(dayH) 

Earli. 

ness 

(days) 

Signifi- 

cance 

1 

Sopt. 26, 1940 

Normal 

Dellii .-^60 -77-)- 1 -4 (13) 





liarvest 

Almora— 55 -lii -46 (11) 

5*67 


2 

Fob. 25, 1941 

»> 

Delhi - 46-584 0-36 (12) 






Almora— 44 -72 40 -01 (11) 

1 -86 

♦ 

3 

Juno 14, 1941 

>> 

Delhi —53 -71^1 -67 (14) 


i 


1 


1 Almoia - 48 • 7 5 L 1 • 4 1 (12) 

4-96 

1 * 

1 

4 

Sept. 11, 1940 

Su rumor 

Almora— 62 -7 4:1 *4 (12) 


i 

! 



harvest 



1 



Normal 

D- lh: - - 53 -2-1-0 -58 (9) 

9*5 



1 

hurv<,'8t 



I 


* SignifiOMiit at 5 cent level ; ♦♦ SignifiC/int at 1 per cent l^'vol 


Vegeiaiwe. period ef plants from vernalized seeds binder field conditions 

The observations so far (losca'ibcd were (tarried out mostly in pot 
cultures. Author series of experiments was undertaken to find out the 
sliorlcning of the vegetative period that can be obtained by the use of verna- 
lized mustard seeds grown under field conditions. Tliree strains of mustard — 
TyjiC 27, C 11 and C 9— w ere used. The effect of different periods of chil- 
ling and also tlie effect of different ]>eriods of drying of unsplit vernalized 
mustard seeds were observed. With the co-operation of Dr T. S. Sabnis 
and of Dr ]>. P. Pal vernalized uns])lit seeds sent from Almora by post w ere 
given field-plot trials in Cawnpore and New- Delhi respectively. In Cawmpore 
all tlie three strains were tried and in New^ Dellii only Type 27 was used. 

Experiment 10 

The effect of different periods of dulling on the degree of vernalization 
induced was observed by simultaneous sowings of different batches of seeds 
chilled for different periods. Seeds of mustard Type 27, C 11 and C 9 were 
placed in the (djilliiig-cabinet on appropriate dates so that on September 23, 
1939, various batches of Type 27 seeds were obtained which liad been chilled 
for 14, 12, 10, 8, 0, 4 and 2 weeks, respectively, and batches of C 11 and C 9 
seeds, wdiich had been chilled for 14, 10, 0 and 2 weeks. All unsplit chilled 
seeds of all batches of each strain were dried for the same period before they 
were sown along with their untreated controls in w^ell-prepared field plots. 
Four replications were used for each treatment. The results obtained are 
given in Tables IX, X, and XT. It will be seen from the statistical analysis 
of the data that in Type 27 and in C 11 chilling for six weeks induces maxi- 
mum vernalization in unsplit seeds, and further increase in the period of 
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chilling does not induce any higher degree of vernalization, neither any dever- 
nalization (Tables IX and X). In the case of C 9, chilling for a period longer 
than six weeks is necessary to induce maximum vernalization in unsplit 
seeds, since the vegetative period observed in plants chilled for 10 weeks is 
significantly shorter than in those from seeds chilled for six weeks (Table XI). 
The increased vegetative period observed (Table IX) in plants from seeds 
chilled for 12 weeks compared to those from seeds chilled for 6, 8, 10 and 14 
weeks is due, as has already been explained (Experiment 4), to the reduced 
moisture supply. 


Table IX 

Effect of different periods of chilling {mustard Type 27) 
(Unsplit chilled seeds dried for 9 days, sown OctolDer 2, 1939) 


Period of chilling 
(weeks) 

Vegetative 

period 

(days) 

Earl 

Days 

ine«8. 

Percentage 

Control ..... 

80*964:1 *27 (47) 

. . 

. . 

2 

72 *82^:1 *38 (60) 

8*14 

10-1 

4 

69 -43:1: 1-73 (46) 

11-53 

14-2 

6 

66 •46±1 -06 (45) 

24 *5 

30*3 

8 

57*92±0*75 (48) 

23 -04 

28 -6 

10 

55*56430*88 (46) 

25 *4 

' 31 *4 

12 

1 

69 *74^:1 *0 (47) 

11 *22 

13*9 

1 

14 

60*59±1 *37 (47) j 

20*37 

25*2 


Analysis of variance 


Duo to 

D. F. 

i 

Sum of sq. 

Mean sq. 

j Ratio observed 

Treatment . 

7 

27565 -93 

3937 *99 

23*86 ♦♦ 

Block 

3 

1846*16 



Error 

21 

3466 *44 

166 *07 j 


Total 

i 

1 

31 

32878 *53 

i 



S. 33. per plant 12*86 
♦♦ Significant at 1 per cent level 
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Table X 

Effect of different periods of chilling {mustard C 11) 

(Unsplit chilled seeds dried for 16 days, sown October 9, 1939) 


j 

period of chilling 
(weeks) 

Vegetative 

jieriod 

(days) 

Earl 

Days 

in ess 

1 

1 Pe^rcentage 

Control . . . . . i 

8r)-43±3-16 (23) 

, . 

i 

i 

2 

77 -59^3 -17 (22) 

7 -84 

9 -17 

6 

65 -09^5 -19 (22) 

20-34 

23-81 

10 

68 *25^14 -46 (24) 

17 *18 

20 11 

14 

67-67±3*82 (22) 

17-76 j 

1 20-79 


Analysis of variance 


Dne to 

D. F. 

Sum of sq. 

Mean sq . 

Ratio observed 

Trent ni on t . 

4 

0557 -11 

1639 -27 

7-46 ** 

Block 

3 

1139-73 



Error 

12 i 

2634 -08 i 

219*5 

1 

! 

Total 

19 

10330 -92 1 




S. E. per plant 14-8 
♦* Significant at 1 per cent level 


Table XI 

Effect of different periods of chilling {mustard C 9) 

(Unsplit eliilled st‘(*ds dried for 1(> days, sown October 9, 1939) 


Period of chilling 
(weeks) 

Vegetative 

period 

(days) 

Earliness 

Days 

Percentage 

Control ...... 

94.44_|-4.B (25) 



2 

80 -35^12 -71 (30) 

14*09 

14-9 

6 

73 *19^4 -29 (26) 

21 *25 

22-5 

10 

65 -32^:3 -33 (28) 

29-12 

30*8 

14 

64 *87^:3 -37 (30) 

29-57 

31 *3 
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A nalysis of variance 


Due to 

D. F. 

1 

1 

1 ! 

Stimofsq. 

1 

Mean sq. 

Ratios observed 

i 

Treatment . 

4 ! 

1 

16152 -65 

4038-16 

19-02 ♦♦ 

Block 

3 

1 

11583-78 



Error 

12 I 

2547 -75 

212-31 


Total 

10 

1 30284-18 




S. E. per plant 14*56 
♦♦ Significant at 1 per cent level 

For trials in Cawnpore (Plate T, fig. 3) and in New Delhi, unsplit verna- 
lized seeds chilled for 14 weeks were sent. The sliortc iiing of the vegetative 
period of plants from vernalized se(^ds of different strains of mustard observed 
in diflerent stations is given in Ta})le XII. It w ill be seen that irrespective 
of the region, vernalized nnsplit seeds produced {)1arits witli shorter vegetative 
period, but tliat the earliness observecl vtiricd a(a*ording to the strain of mus- 
tard. The differences observed in the percentage of shortening of the 
vegetative periods of the plants from the same batches of vernalized and 
untreated seeds but grown in different regions must obviously be due to the 
after-sowing environmental factors of tlie regions concerned. 

Table XII 


Vegetative periods of -plants from control and vernalized, seeds of different strains 
of rnusUird grown in diflerent regions 


Strain 

Sowinj»: 

Station 

Vog('ia1ivo 

jx-riod 

Earlin(\^8 


date 


(clayn) 

Da vs 

' 

Forconta^e 

Type 27 . 

2-10-39 

Almora . 

(U 80 -96 

V -GO -59 

20 -37 

26-2 


17-10-39 

(-avvnpor(' 

C 65 -0 

V--52 -0 

13-0 

20 -0 


21-10-39 

Now Delhi 

C 88 -03 

V-- 7<S -38 

9-65 

10-9 

C 11 

9-10-39 

Almora . 

C -85 -43 

67 -67 

17-76 

20-8 

i 

1 

1 

17-10-39 

Cawnpore 

0 -48 -0 

V ~41 -0 

7 '0 

! 14-6 

i 

C9 . . 

9-10-39 

Almora . 

1 C -94-44 
V-~64 -87 

29-57 

31 -3 


17-10-39 

Cawnporo 

a~~63 -0 

V -46 -0 

17 -0 

27 -0 
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Fkj. 2. ] lie sinrio pots on July 17, l!M.o 


■t' I'l/' ( i - 


FlO. 3. One pot each from tin* tliroo (iiilVnmt sets showinjj similar ve}^(‘tativr p(‘ri(Kis of (’-plants under 
11 lirs photojX'riods and V-plaiits under K) hrs photo[>eriod. Photographed July 27, IPlO 

[ Plants in left half of t'acli pot an* from maximally vcrnali/.ed unsplit seeds, tiiose on t he ritjht half, from untreated 
control seeds. Sown on June (i, P40. Lij^ht treatment from June 11, 1140, Pots JS4I had full dav-l<mj?tli of 14 
hrs, pots 42-45 had 11 hrs daylif^ht for J weeks and full day-length alWwards, pots 4C-4‘J had H hrs daylight for 
J weeks and full daydength afterwards. ] 
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The effect of drying and storage on vernalized unsplil seeds 

For environmental studicB, the complioations due to low-temperature 
requirements of the first phase of development (;an be eliminated by the use 
of vernalized seeds. With the limited faeilities at our disposal, the problem 
of supply of strictlj7 (;oin parable vernalized seeds for different seasonal sow- 
ings at first appeared formidal)ie, sinc-e it was not ])osHible to arrange through- 
out the year strictly controlled similar low-t(>m])erature range, moisture 
supply and oxygen tension for chilling. But the hret that even incompletely 
vernalized unsplit seeds when dried and stored for 158 days were found to 
retain the indmied vernalization (Exjxniment b) suggested the possibility of 
using the same batch of vernalized unsplit seeds for different seasonal sow- 
ings. If tlie plants from the same batcli of vernalized unsjdit seeds would 
show similar vegetative jxrriods in similar sow ing dates of two successive years, 
it could 1)0 assumed that, (a) the induced vernalization had remained un- 
impaired for the ])eriod, and (6) any observed variations in tlie vegetevtive 
periods in the intermediate sowings were due to changes in after-sowing 
temperature and day-length of the season. Therefore a long series of sow- 
ings from the same batcli of vernalized seeds was undertaken, to find out 
the period for wiiicli vernalized unsplit seeds wiien dried and stored would 
retain the induced vernalization unimpaired. 

Experiment 11 

A batch of mustard seeds (Type 27) wais chilled for 11)7 days, much longer 
than was ne(x\ssary to induce maximum vernalization. The period w-as 
purposely prolonged to T‘e|){‘at the observation of Experiment 6, to find out 
whether prolonged (dulling would l)e injurious to uns|)lit seeds. The seeds 
were placed in the moist-chamber of the Electrolux on October 18, 1938 and 
were removed on April .3, 1939. After being dried for tliree days at room 
temperature, the unsplit cliiiled seeds were [)ut in cold storage in a sealed 
bottle. All sowings from this batcli of vernalized seeds, along wdth the 
controls, w ere made in pots kept in tlie glass-house. A daily rec'ord of the 
maximum and minimum lein]>era,ture of the glass-liouse w'as kept. The 
curve of the seasonal day-length of Alinora was olitained from Dr L. A. 
Rarndas, of the India Meteoroiogical Department, Poona. Readings of the 
dry-and-wet-bulb tliermometer kojit in tlie glass-house were taken every 
afternoon. The results of the 2d sowing.s sjiread over t lie [leiiod from April 
24, 1939, to March 28, 1941, are summarized in 3 able Xlll. For convenience 
the different sowdngs on similar dates of two su(a‘Ossive years are grouped 
together. It will be seen that tlie total jieriofl of drving of vernalized unsplit 
seeds in sowingvS Nos. 1 and 9 wei'e 21 and 387 days, respectively, and yet 
tlie observed vegetative pej’iods of tlie plants were remailiably similar. The 
vegetative periods of plants from (*ontrol seeds in tliese two sowings were 
also very similar. Therefore, it may be eomluded that drying of vernalized 
unsplit seeds for a period of 387 days did not induce any devernalization. 

But from the comparison of the data from sow ings Nos. 2 and 11 of June 
26, 1939, and of June 27, 1940, no definite ^/onclnsion a.bout tlie condition of 
the V-seeds seems to he justified, in spite of the fa(4 that tlie plants from these 
seeds had very similar vegetative periods. For a marked shortening of the 
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vegetative period of plants from C-seeds was observed in sowings of 1940, 
which obviously must have been due to more favourable after-sowing en- 
vironmental conditions of the year. The lack of any observable effect of 
favourable after-sowing environmental factors upon the vegetative periods 
of plants from V-seeds might very possibly have been due to slight devernali- 
zation resulting from prolonged drying, or it might have been due to the fact 
that the vegetative period of 29*9 days observed in 1939 was already the 
minimum for plants from these seeds, and therefore no further diminution 
could be expected. Therefore, in the next sowing of this series an independent 
estimate was sought about the condition of this particular batch of V-seeds 
by sowing on the same date with them seeds from another batch of vernalized 
unsplit seeds chilled for 365 days but dried for seven days only. The results 
of sowing No. 12 indicate that the condition of the V-seeds chilled for 167 
days and dried for 462 days was similar to that of seeds chilled for 365 days 
and dried only for seven days. In other words, the vernalization induced 
in seeds remained unimpaired even when the seeds were dried for 462 days, 
A similar test with seeds chilled for 365 days was undertaken in sowing No. 18, 
with similar verification. In all sowings under similar conditions, w^e have 
not found any batch of chilled unsplit seeds, including those chilled for 365 
days, w^hich produced plants witli shorter vegetative period than that of plants 
from seeds chilled for 167 days. 

To find out whether the capacity of unsplit vernalized seeds to with- 
stand drying was equally true of other batches of maximally vernalized seeds 
chilled for a period shorter than 167 days, unsplit seeds from batch (a) chilled 
for 65 days was sown on June 14, 1941, together with batch (b) cliilled for 
365 days for comparison. On that date the period of drying and storage 
of a-seeds was 765 days and of b-seeds 348 days. The observed vegetative 
periods were 31-75±0*82 days (mean of 16 a-plants) and 31*14±0‘71 days 
(mean of 7 b-plants). Thus, it is evident that maximally vernalized unsplit 
seeds of mustard Type 27 irrespective of period of chilling can withstand dry- 
ing and storage and still retain the effect of vernalization for at least 765 
days. 

From the data given in Table XIII it can be concluded that : ( 1 ) in all the 
different sowings plants from the same batch of vernalized seeds flow^ered 
significantly earlier than those from untreated control seeds ; (2) an annual 
cyclic variation of the vegetative periods of plants alike from vernalized and 
control seeds, due to differing after-sowing environmental conditions of the 
seasons, can normally be expected ; (3) similar after-sowing environmental 
conditions affect the vegetative periods of C- and V-plants differently, since 
the shortest vegetative period of approximately 41 days observed in (3-plan ts 
was in sowings of April and May of 1939 and 1940, w hile in the case of V-plants 
the shortest period of about 31 days was observed in sowings of April to August 
of both 1939 and 1940. The longest vegetative periods of C- and V-plants, 
however, were observed in sowings of October — December ; (4) maximally 
vernalized unsplit seeds of mustard when dried and stored for a period of 725 
days retain the induced vernalization unimpaired. This last conclusion 
offered the most convenient solution of the problem of supply of strictly 
comparable vernalized seeds for environmental studies, for seeds from a batch 
of maximally vernalized seeds can be used for sowings spread over a period 
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Table XIII 


Vegetative period of plants from seeds chilled for 167 days and soum at different 

seasons of two successive years 
(Mustard Type 27) 




Vegetative periods (days) 

Drying 

(days) 

EarlinoBS in V-plants 

No. 

Sowing date 

Control 

Vernalized 

Days 

Per cent 

1 

April 

24, 1939 .... 

41*5 ± 1*95 (4) 

31*9 ±0*54 (8) 

21 

9-6 

28*1 

0 

24, 1940 .... 

4103±0-65(15) 

30-53±0*41 (15) 

387 

10*5 

25*6 

10 

May 

22, 1940 .... 

41-3±0-73 (12) 

30*0db0*72 (10) 

415 

11-8 

27*3 

2 

Juns 

27,1939 .... 

64-3 db 0-58 (3) 

29-9il‘48 (5) 

85 

24*4 

44*0 

11 

29, 1940 

40-75i0-92 (8) 

29-5i0-49 (11) 

453 

17 26 

86*9 

12 

July 

8, 1940 .... 

47*18±0*85(11) 

31*75i;0-C4 (12) 

462 

15-43 

32*7 


8, 1940 .... 

(Chilled 365 days 

31-00±0-92 (7) 

7 

16-18 

84 -8)1 

S 

Augutt 

11,1939. 

59-0±2'06 (10) 

28*9db0'79 (8) 

130 

31 0 

61*7 

13 

12,1940 .... 

52*Ci:l-28 (8) 

32*1±0*76 (6) 

497 

20-5 

88*0 

14 

September 

20,1940 .... 

60*77±1*11 (13) 

37*6i0*58(ll) 

642 

28*17 

38*1 

4 

October 

11, 1930 .... 

82*0il-6 (8) 

50*0i;2*42 (8) 

191 

32*0 

30*0 

16 

26,1940 .... 

99’2il-2 (5) 

80*2±1*53 (8) 

572 

19*0 

10*2 

16 

NovenUier 

26,1940 .... 

90-5±0-42 (9) 

86*l±0-37 (8) 

603 

4*4 

4*9 

5 

December 

16,1939 .... 

82*75^0-23 (8) 

78-12±0*52 (8) 

257 

4-65 

5*0 

17 

26,1940 .... 

74*22±0-14 (9) 

71 *56 ±0-32 (9) 

633 

2-67 

8-6 


26, 1940 .... 

(Chilled 366 daj*« 

71-8 ± 0-69 (5) 

178 

2 42 

8 -2)1 

6 

January 

29.1940 . 

62-6±0-5 (17) 

59-07±0-32(13) 

301 

8-58 

60 

18 

27, 1941 .... 

66*0±0*47 (8) 

50 -62 ±0 -28 (8) 

665 

5-88 

9*0 

7 

February 

16,1940 .... 

58*28±0*37 (7) 

48 '75 ±0-46 (8) 

819 

4*58 

8*5 

19 

25,1941 .... 

46'68±0-36 (12) 

42-0 ± 1*0 (6) 

694 

4-68 

9*8 

8 

March 

20, 1940 .... 

45*26±2 r>8 (4) 

37-5 ± 1-48 (4) 

852 

7*75 i 

17*1 

20 

28, 1941 , . . . 

43-83±l-32 (6) 

34 *87 ±0-67 (8) 

725 

8-96 

20-4 


t Those sowings were undertaken to obtain iudeponderit index of the condition of the batch of seeds chilled for 
ld7 days. 
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of two years. The other important consequence of this finding is that maxi- 
mally vernalized unsplit seeds can be used to determine the degree of verna- 
lization induced in iinsplit seeds during the process of chilling — for which 
no other reliable index has so far been discovered. For instance, if in any 
simultaneous sowing of maximally vernalized unsplit seeds togetlier witli 
samples of any other batch or batches of seeds then in process of chilling, the 
observed vegetative periods of the plants are found to be similar, then the 
seeds tested may be considered maximally vernalized. If, on the other hand, 
the vegetative periods of the sample seeds are longer, then the cliilling process 
should be continued till in later similar sowings the seeds produce plants with 
similar vegetative periods. 

The purpose of the above experiment was to explore the possibility of 
maintaining the induced vernalization in unsplit seeds unimi)aired for the 
longest possible period, and therefore the seeds were stored, as already stated, 
in the chilling-cabinet. This extra precaution of cold storage has since been 
found unnecessary. For it has been found that vernalized unsplit mustard 
seeds can be sul>jected before sowing to high tem]:)erature. without any dever- 
nalization. In a sowing of April 24, 1940, V-seeds kept ttiroughout in cold 
storage 384 days produced plants with a vegetative |)eriod of 30-53 0*41 

days (mean of 15 plants), while seeds from the same sample which were sub- 
jected to 30"^ — 2°C. for 39 days before sowing producixl plants witli similar 
vegetative periodof 30 *3^:0 -58 days (mean of 13 plants). A similar sowing 
undertaken on August 13, 941, from a sample (L) of a batch of seeds chilled 
for 167 days and kept in cold storage for 863 days and from another Hain|>]o 
(H) which, after being kept in cold storage for 347 days, was kept at room 
temperature for 516 days. The observed vegetative periods were 33-()ii:0-88 
days (moan of 10 plants) for L-plants and 31 • 14±0-67 days (mean of 7 ])!ants) 
for H-plants. The difierence of 1 -86 days is not statistically significant. This 
indicates that storage at room temperature for over 73 weeks does not induce 
any de vernalization. 

Temperature and phoioperiod requirement of second phase of development 

It has been shown by Gilbert [1926], Purvis [1934], Stein !}erg and Garner 
[1936] and others that the factor of temperature must be taken int(^ careful 
consideration in all photoperiodic studies. Lacking fa(a‘liti(\s fur automatic 
control and maintenance of different combinations of tem})erature and photo- 
period, we have utilized the natural variations in tlie seasonal complements 
of temperature and day-length to observe the effect of after -sowing environ- 
mental factors. Since the seasonal temperature and daydength vary in a 
similar way, i.e. high temi>eratnre is associated with long days and low tem- 
perature with short days, the data obtained from different seasonal sowings 
give the resultant effect of these factors varying in a similar way. Therefore, 
to determine the optimum after-sowing temperature and photoperiod for 
mustard it was necessary to observe the vegetative periods of plants grown 
either under (i) similar temperature ranges, or {ii) similar photoperiods 
throughout the year. The second alternative was adopted for the following 
series of observations, since the arrangements for subjecting pottfxl plants to 
similar effective photoperiods throughout can be easily devised'. 

Tincker [1925] found that an intensity of 5 foot-candles of visible radia- 
tion is adequate for prolonging the day-length for photoperiodic reactions 
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In China aster Withrow and Benedict [1936] observed definite photoperio- 
dic effect, when the intensity of the supplementary light was 0-3 foot candle 
and as low as 0-1 foot candle. Tlie same authors observed that the orano’e 
and the red end of the spectrum caused the most marked photoperiodic res- 
ponse. Therefore, to supplement the scnisonal day-Iengtli for increased photo- 
period, a hanging Petromax kerosene lamp (5()() c.p.) of the type commonly 
used as a street light, suspended from the ceiling of an ojicn verandah, was 
adopted as a convenient arrangement. Except for the winter months, it 
was found necessary to protect the seedlings against the insects — which the 
bright light invariably attracted -by a mosquilo curtain hung from a fine 
wire-net frame 4ft. x 4ft. attached to the enamel rcitector of tlie haiiLring 
lamp. I)es{)ite the removal of all obstructions against free cir(‘u]ation of air 
in tiie verandali, the temperature rise from 2'' to 5 0. under the himj) (?ould 
not be overcome in this arrangement. For subjecting potted plants to {)hoto- 
periods shorter than the seasonal d.a.y-length, tlie required nnnil>cr of hours 
of the morning light w as cut off by keeping tlie j>ots in a w ell-ventilated dark 
charnlier constructed in the glass-house. 

Experiment 12 

For this experiment Id different sowings from April, 1040, to March, 
1941, w^ere undertaken. Cofitrol and maximally vernalized unsplit seeds 
wa*re sowni in the tw'O halves of several pots used for each sowing. Different 
sets of f)ots w-ere subjected to diffi^rent ])!i(>to])eriods. At the l)eginnirig of the 
light treatment, foiir plants were k(‘pt in each pot — two from control and 
two from A’crnalizcfl seeds. Towairds tlie end of the experiment, souie of the 
plants died, and therefore in later sowings of this series the original number 
of plants was increased eitlier ])y increasing the number of pots for each 
light treatment from three to four or, w lien the a.vailal)lo bench space in the 
glass-house was inadecjuate, by increasing the number of [ilants from four to 
six in ea(di j^ot. 

The pots containing the seedlings w hich were siibje(‘ted to supplementary 
artificial light were daily removeVl after sunset to tlie open veranda, h and were 
kept on a w'ooden j)latform under the Ivan ging Petroiiuix lantern for the re- 
quired periods, after wliieh they were brought back to tlie open lienelies of the 
glass-liouse. For phoioperiods shorter than ilay -length, sets of pots were 
removed from tlie open benclies in the ghiss-housc to the dark chamber after 
sunset and were kept there till the nH]uired time in tlie morning, after which 
they w^ere placed on the open benches in tlie glass-liouse. A control batch 
of seedlings, kefii throughout tlie expmiment on the open henches, 
was subjected to the normal day-length of the season. The jKisition of the pots 
w^as changed every ftnv days to secure as far as possible similar light (‘onditions. 
Since all seeds were sown on the same date, it is assumed that ]>lants in each 
series were subjected to a similar seasonal temperature range. I he teinjiera- 
ture variation during the light treatment did not, as will be seen later, produce 
any appreciable comjilication. 

The results obtained from this series of sow ings are given in Table XIV. 
In the first sowing of April 2, 1940, plants were subjecteil to photoperiods 
of normal day -length of 13 hours, day-length pins artificial light tor three 
hours (16 hours), and day-length diminished by three hours (10 hours). The 
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light treatment began on April 9, and after three weeks’ treatment, flower- 
buds were distinctly visible on all plants from vernalized seeds subjected 
to photoperiods of 13 hours and 16 lioiirs, and the average jieriod for the 
opening of the first flower in all these plants was very similar, being 34*18 
days and 34*8 days, respectively. Therefore it was tentatively assumed 
that for plants from vernalized seeds of mustard Type 27 a photoperiodic 
treatment of 13 hours for three weeks was not below the optimum, and in the 
second sowing when the normal day-length was above 13 hours no supple- 
mentary artificial light was used. The assumption that photoperiods longer 
than 13 hours do not induce any further shortening of the vegetative period 
was verified from the subsequent sowings Ntjs. 3, 7 and 8. In all sowings 
the period of light treatment was similar, i.e. three weeks only. 

Table XIV 


Vegetative periods of C- and V -plants under different temperatures and photo 

periods 

(N, Normal day-longth ; S, date of sowing ; L, light treatment) 




1‘hoto-period 

No. 

Date 

(1) 

(2) 

(3) 

(4) 


1940 

16 hours 

13 hours N 

1 

10 hours I 


1 

S 2/4 

L 9/4 

0—39 -Si* 0-60 (5) 
V— 34 -Si 1' 04 (5) 

C— 42 -4 ±0-82 (5) 
V— 34 -2 ±0-65 (6) 

€—52 -2 ±1-36 (3) j 
V— 41-0-1:0 (3) 1 




I 14 hours N 


1 11 hours I 

8 hours 

2 

S 7/6 . , 

, Lll/6 

1 C— 48‘7 + 0-42 (11) 
V— 32‘4±0-7 (12) 

•• 

56 -2^0 MS (9) ! 

40-81:0 '80 (11) ‘ 

62-410-67 (7) 
50-111-16 (8) 



14 hours 

13 hours N 

10 hours 

7 hours 

3 

R 12/8 

L 17/8 

0—53 Oil -27 (8) 
V— 31-8i0’71 (7) 

52-6dbl-28 (S) 

32-1 ±0-76 (6) 

63-01:1-9 (7) 

39-51:1-34 (4) 

68-011*0 (4) 

51-611-32 (6) 



13*5 hours 


11-5 hours N 

0 ■ 5 hours 

4 

S 26/9 

L 1/10 

C— 55*8il46(ll) 
V— 37'li0-82 (9) 


60-71:1 -n (13) 
37-61:0-58 (11) 

73-411 *83 (11) 
47-311-74 (10) 




13 hours 

10 • 75 hours N 

9 -25 hours 

5 

8 26/10 

L3/11 


C— 97 -Oil -45 (5) 
V— 71 -41: 1-07 (8) 

99-21:1-3 (5) 

80-01:1 -53 (8) 

106-411-58 (9) 
85-OlMl (9) 



15 hours 


10 -25 hours N 

9 ■ 25 hours 

6 

8 2 C/n 

L 6/12 

C— 89*8-l:0-3 (9) 

V— 84-0 ±0-25 (8) 


90-51:0-42 (9) 
86-11:0-37 (8) 

91-010-31 (8) 

I 86-210*36 (9) 



16 -25 hours 

13-26 hours 

10-75 hours N 

9 -25 hours 

7 

S 26/12 

L 15/1/1941 . 

C— 72 -7 ±0-46 (8) 
V— 69-2±0'44 (9) 

73-1 ±0-33 (9) 
70-5±0-5 (8) 

74-21:0-14 (9) 
71-510-32 (9) 

74-210*62 (9) 
70-310-31 (9) 


1941 

15-25 hours 

13 -25 hours 

11-25 hours N 

9 *25 hours 

8 

B 27/1 

L 8/2 

(?^53-3i0-27 (9) 
V— 4t)'2±0-24 (9) 

53*81:0-3 (9) 

4U -9^0-29 (9) 

56-010-47 (8) 
50-610-28 (8) 

57*810-63 (9) 
51010-73 (T) 



15-25 hours 


12 hours N 

8 -6 hours 

9 

8 25/2 

L9/» 

0~-42-0±0'36 (9) 
V— 37-5i()-28 (13) 

•• 

46-610*36(12) 
42-OH'O (6) 

64*011-a2 (7) 
44*0 1 0 -76 <7) 



15 -5 hours 


12 * 6 hours N 

9*6 hours 

10 

1 

8 28/S • 

L6/4 

0—40 -9.1:0 *69 (8) 
V— 34 -01:0-54 (8) 

*• 

43-811-32 (6) 
34-910-67 (8) 

53-611-7 (5) 

40-411-16 (7) 
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Obviously from the nature of the data, conclusions of only a qualitative 
nature are justified, since of the several factors involved m these experiments, 
only the nature of the seeds used and actual periods for which the day-length 
of the season were supplemented or diminished are known . It was not possible 
to obtain accurate data of even the effective day-lengths which were supple- 
mented or diminished. With regard to the temperature, only the maximum 
day temperature and the minimum night temperature of the glass-house 
were recorded, and from these no idea could be obtained as to the actual dura- 
tion of the different temperatures to which the plants were subjected through- 
out the 24-hour period. Neither was it jjossible to obtain a record of humi- 
dity variation of the glass-house, beyond the afternoon records of the read- 
ings of the dry-and-wet-bulb thermometer. 



Fig. 1. Vegetative periods (days) of plants from tlio same batches of control and maxi* 
mally vernalized unsplit seeds (mustard Type 27 ), in different seasonal sowings 
of 1939-40 and 1940-41 


Despite these limitations, the following conclusions seem to be justi- 
fied : (1) Under all similar temperatures and photoperiods so far studied 

plants from vernalized seeds of mustard Type 27 flower significantly earlier 
than those from the untreated controls (Figs. 2 and 3). (2) No critical photo- 

period is discoverable for mustard Type 27, since flowers are produced from 
plants which have been subjected to a photoperiod of 16 hours in April sow- 
ing (treatment 1) as well as hours for the first three weeks in October sow - 
ing (treatment 4) and afterwards from November 25, 1940, to January 19, 
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1941, to normal day-lengths of 10|-10J-10J hours. But under all tempera- 
ture ranges prevailing in Almora, except the limiting one during sowing VI, 



Fig. 2. Weekly average maximum and minimum tempeiatairoK of tlje gluaH-liouso 
(1939-40 and 1940-41) and tin' day-l(‘njQ^th of Almorii 

of November 26, 1940, the observed vegetative period progres.siveIy diminished 
as the photoperiod was increased up to 13 liours. Incieiiso in photoperiod 
beyond 13 hours-— 16 hours in April, 14 hours in August, l.'i liours in December, 
15| hours in January and February- did not produce any further shortening 
of the vegetative period. From this it can be concluded that the optimum 
photoperiod for tlie second phase of development of mustard Tyjie 27 is not 
more than 13 hours. Incidently it is shown that a temperature rise of 2°- 
5°C. during supplementary light treatment for two to three hours jiroduces 
no significant difference as far as the vegetative period is concerned. (3) The 
increased vegetative })eriods observed in wunter sowings are due mainly to the 
prevailing low temi)erature and not to diminished day -length. For it will bo 
seen that in sowing 1 (when the average maximum day temperature was 
arc.) the observed vegetative periods with photo})eriod8 of 13 hours for 
three weeks were 34-18 days for V-plants and 42-4 days for C-plants, but in 
November sowing (No. 6) the vegetative periods observed with a photo- 
period of 15 hours for three weeks (when the average maximum day tempera- 
ture varied from 2o° to 15°C.) were 84 days for V-pIants and 89-8 days for 
C-pIants. (4) The optimum day -temperature of the second phase of dove* 
lopment of mustard Type 27 appears to be 3()°C., for under all similar photo* 
periods m all sowings from April 24 to August 12, both in 1939 and 1940, 
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Fici. 3. V>>g<’t,(itivo periods of plant-s from t he samo baf elios of control and maximally 
vcrnalizi'd unsplit seeds (mustard Typo 27) under photoperio U longer and 
Kiiorter tiian stiasonal day-length 


(Tables XIIT and XTV) Mdien the maximum temperature varied from 30'^ 
to 38®C., the observed vegetative periods of V-plants were similar and mini- 
mum. When the maximum day temperature was below however, 

the vegetative periods were found to increase progressively. (5) The differ- 
ential response of C- and V-pIants to similar after-sowing environmental 
factors observ'^ed in seasonal sowings of 1030-40 and 1040-41 can bo explained 
if the minimum night temperature is taken into consideration. In sowings 
of June, July and August (Tables Xtll and XIV), when the natural seasonal 
complements of day temperature and day-length were optimum (Fig. 2), the 
vegetative period of V-plants were remarkably similar, while those of C- 
plants were found to inci*ease steadily from June sowings onwards. From 
the minimum temperature curve of the glass-house, it will be seen that from 
mid-April to the first week of June, tlie night temperature is lower than from 
the last week of June to the end of August. Furthermore, the period from 
April till the monsoon starts — about the middle of June — is the driest one in 
Almora, and the temperature of the moist soil in pots is generally y-5^C. 
lower than the recorded air temperature of the glass-house. The average 
minimum night temperature of the air for five days following April 24, 
1940, was and for the five days following May 22, it was 16-5°C., while 

the minimum night temperature for five days following June 7, 1940, 
was 20''C. The prevailing night soil temperature in Almora from late Aprip 
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to the beginning of June is thus of the order of the temperature required or 
vernalization (Experiment 2), and it is reasonable to suppose that in this 
region in sowings of April and May partial natural chilling takes place in the 
case of untreated controls, at least to a greater extent than during the hotter 
nights of June, July and August. It was shown in onr preliminary report 
[Sen and Chakravarti, 1938] that sprouted mustard seeds of Type 27 chilled 
for only four days, produced plants in the September sowing of 1937 which 
flowered nine days earlier than those from the control sprouted seeds. In the 
case of plants from maximally vernalized seeds, however, neither the cooler 
nights of A]>ril and May, nor the hotter nights from June to August, affect 
the vegetative period. The verification of the above assumption is seen in 
the minimum difference in the vegetative periods of C~ and V-plants, in 
sowings of November and December, where the advantage of the V-pIants 
(pre-supply of low temperature) is reduced to a minimum by the natural 
winter temperature of this region. 

Discussion and conclusions 

From the results of the experiments described, it is evident that all the 
five strains of mustard — Type 27, C 11, C 9, yellow sarson, and rai/a O.B/I — 
respond to vernalization, and chilled unsplit seeds of mustard show all the 
characteristics of vernalized seeds. For instance, in the case of mustard 
Type 27, which has been used for most of the experiments, imsplit chilled 
seeds produce plants which flower earlier than plants from untreated seeds, 
the vernalization induced in unsplit chilled seeds increiises wdth increased 
dose of chilling until, under optimum conditions, maximum vernalization 
is attained by chilling for six wrecks. Prolonged chilling up to 365 days 
neither induces any higlier degree of vernalization in uns; lit seeds nor any 
de vernalization. These observations are in accord wdth the findings of Lojkin 
[1936] in connection with vernalization of winter wheat. The same author 
observed that under field conditions the percentage of germination of verna- 
lized wheat w^as lower than for untreated seeds, and this has also been observed 
by us (unpublished data) in the case of vernalized winter wheat. But in the 
case of vernalized unsplit mustard seeds, the germination has been found to 
be similar to that of control seeds [Sen and Chakravarti, 1938]. From Tables 
IX, X and XI, in which are given the data obtained from normal seasonal 
sowing under field conditions, it will be seen that the earliness in flowering 
of plants from maximally vernalized mustard seeds w^as 17-76 days for C 11, 
25-4 days for Type 27 and 29*57 days for C 9. In the case of mustard Type 
27, plants from vernalized seeds have been found to flower earlier under all 
combinations of after-sowing temperature ranges and photoperiods studied 
(Tables XIII and XIV). Thus, a definitely earlier harvest can be insured by 
the use of vernalized unsplit seeds of mustard, w^hich also have the advantage 
that they are capable of being stored for over two years without deterioration. 
YieU 

For practical agriculture, the 5 deld and the quality of the crop are as 
important as earlier harvest, if not more important. Whether earlier harvest 
obtained from vernalized mustard seeds can be associated with higher yield 
and better quality of crop, under otherwise similar cultural conditions, depends 
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on the environmental factors prevailing during the period of seed-setting 
and seed-ripening. In the case of wheat, Kiricenko [1934] observed that, 
lacking the photoperiodic requirement of the third phase, seeds would not 
set, as the pollen became sterile. Ali Mohammad and Ahmad [1940] have 
shown that the oil content of mustard depends, among other factors, on the 
temperature during seed formation. In the case of an insect-pollinated crop, 
the population of the pollinating insects during the period of full bloom is also 
an important factor which determines the yield. Furthermore, it should be 
realized that extreme shortening of the life-cycle under optimum environ- 
mental conditions would in all probability produce ephemeral plants and 
obviously their yield would be considerably lower than normal. For instance, 
in small field-plot sowings of June, 1938, the total period from sowing to 
harvesting of mustard Type 27 was 99 days for V-plants, and the yield was 
4 • 52±0 • 48 grams (mean of 38 plants) per plant. In sowings of October, 1939, 
when the V-plants took 208 days to complete the life-cycle, the average yield 
per plant was 22 ‘9^1 *45 grams (mean of 91 plants). 

To derive the maximum advantage from vernalized seeds, new optimal 
sowing dates should be discovered for different regions, as Whyte [1939] 
has already pointed out. Since the environmental requirements of the differ- 
ent phases of development of a crop are not identical, and yield and quality 
of the crop are the final expression of the life-cycle, higher yield and better 
quality of crop can be exj^ected from vernalized seeds if the facility offered 
by early flowering can be utilized to secure (preferentially) for V-plants better 
environmental factors for the completion of the life-cycle. Greater yield 
can also be expected if, by earlier harvest, the hazards of pests, drought, 
excessive rain, frost or snowfall can be avoided, or at least partially mitigated. 
Two cases may be cited, one of mitigation of caterpillar injury, the other, of 
greater damage resulting from snowfall, observed by us in connection with 
V-plants. In our first outdoor sowing of June 4, 1938 (Experiment 2) yield 
per plant was recorded. The average yield per V-plant was 4-55 grams 
(mean of 38 plants) and per C-plant, 1 • 98 grams (average of 25 plants), but 
this diffbrence was not statistically significant ; the higher average of V-plants 
was in reality due to the differential damage caused bj^ caterpillar attack. 
The less advanced C-plants with their softer tissue system were more severely 
damaged than the taller V-plants, and some of the former were completely 
destroyed. In a small field-plot sowing of October 6, 1939, with six replica- 
tions each of control and vernalized seeds, the yield per plant was again re- 
corded. The yield observed per V-plant was 22*9 grams (mean of 91 plants) 
and 27*94 grams (mean of 95 plants) for C-plants. In this case also, though 
the observed difference was not statistically significant, the variation can be 
explained by the fact that on February 0 and To, 1940, during the full-bloom 
period of the V-plants, which flowered 28*89 days earlier than the C-plants, 
two heavy snowfalls occurred, causing greater damage to the V-plants than 
to the less advanced control plants. But in our preliminary observations 
with pot-culture plants grown in the protected environment of a glass-house, 
the yield observed j^er V-plant has been found to be greater tlian that of 
C-plants, and this alike in off-season sowings of July and seasonal sowdngs of 
October. In sowings of July 11, 1938, where seeds chilled for different periods 
were used, the records of the following four characters of each plant were 
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taken : (i) time of opening of flowers (Table TI) ; (n) time of completion of 
flowering ; {Hi) time of maturity ; (ir) yield per plant. The results of the 
statistical analysis of the data submitted to Prof P. C. Mahalanobis of the 
Statistical Institute, Calcutta, show that in all these four characters V-plants 
had the advantage, i.e. compared with C-plants, V-plants flowered earlier, 
flowering was completed earlier, seeds matured earlier and their weight per 
plant was greater. Thus, for example, the mean yield per (Vplant was 0-499 
gram and per V-plant (seeds chilled for six weeks) 1*025 grams, a difference 
which is statistically significant at 1 per cent level. In sowings of October 
18, 1938, the observed yield (mean of 11 plants) per C*plant was 0*96 gram, 
wdiile the yield (mean of eight plants) per V -plant was 1 • 68 grams, a difference 
significant at 5 per cent level. But from these data no definite conclusion is 
justified regarding yield of V-plants under field conditions. Therefore, 
pending the results of experiments now in progress to determine the optimum 
environmental requirements of the third phase and optimum temperature for 
seed -ripening, systematic investigation regarding the possibility of associat- 
ing earlier harvest with higher yield and better (piality of crop from vernalized 
seeds has been postponed. 

With reference to the effect of drying and storage of vernalized seeds, 
Lojkin [1930] found tliat vernalized seeds of winter wdieat wlien air-dried for 
four weeks at T' and lO^^C. <ire partially or completely devernalized. Gregory 
and Purvds [1938] found that when maximally vernalized seeds of wdnter rye 
are dried, the process of devernalization sets in aftei* six weeks, and in eourse 
of 20 weeks com})lete devernalization takes place. Purvis and Gregory [1937] 
in explaining this devenialization by drying in terms of a suggested scheme 
of vernalization maintain that drying induces a* reversal of the n^aetion whicti 
produces tlie substance responsible for early fiowerini]: in ))la.nts from verna- 
lized embryos. But it will bo seen from Exjieriment 11 tliat Acrnalized un- 
split seeds of mustard can be dried for a j)eriod of 863 days without any observ- 
able devernalization. Therefore it (uin be (‘oiuliided that diying even at 
room temperature does not devenialize unsfilit vernalized seeds of mustard. 
The contradictoiy effects of drying on vernalized seeds of mustard and of 
wheat and rye may be due either to the difl'erenee in the nat ure of the embryos 
concerned, or to tlie different .stages of growth of tlie embryo of tlie vernalized 
seeds pf mustard and of wheat and rye. The embryos of the vernalized 
seeds of wdieat and rye developed to the seedling stagig wdiile obviously in 
the case of vernalized unsplit seeds of mustard tlie growtli of tlie embryo is 
confined within the elastic limit of the seed-coat. That tlie diflerent effects 
of drying are not due to tlie types of the embryos concerned Imt to tlie stages 
of their development during the period of l(nv'temp<"rature treatment is sug- 
gested from the fa(?t that in the case of rye also, wdien the developing embryo 
is chilled in the ear, no devernalization takes place wlicii tliese seeds ri|ieu 
and become dormant [Gregory and Purvis, 1938], In natural vernalization 
of the seeds, the growdli of the embryo is limited within tlic confines of the 
testa, which is also tlie case with chilled unsfilit mustard seodB, Therefore 
it seems reasonable to conclude that so long as tlie growd-h of the embryo is 
confined within the elastic limit of the testa, it can retain the effect of chilling 
unimpaired for long periods. Investigations are in progress to find out the 
specific protective character of the seed-coat. 
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Gregory and Purvis f 1938] have shown that the capacity of pre-chilled 
seeds to produce plants with shorter vegetative period is not due to delayed 
germination but to the specific effect of low temperature on the embryo, 
alike during the period of its development during seed formation and when 
the dormant embryo is activated. In our experiments with mustard Type 27, 
earliness in flowering has been observed in plants both from chilled unsplit 
seeds as well as from unchilled seeds which developed during the winter 
months (Experiment 9). This natural vernalization, at least partial, induced 
by the prevailing low temperature during the period of seed ripening suggests 
interesting possibilities for vernalization. It is a common exj^erience in the 
tropics that imported seeds of some of the winter annuals from colder climates 
give very good results, but fail to produce seeds as good as those of the parent 
stock. If the cause of the seed deterioration be mainly due to prevailing 
high temperature during the period of seed-ripening in the tropics then this 
defect could be corrected by shortening the vegetative period through the 
use of V"Seeds, provided the crop responds to vernalization. 

Plants from untreated seeds of mustard Type 27 have been found to 
flower under all the different seasonal complements of temperature and day- 
length prevailing in Almora. In our glass-house the maximum day tempera- 
ure during the year varies from 40® to 10®C. and the minimum night tempera- 
ture from 22® to 1®C. The day -lengths vary from 10*2 hours to 14 hours. 
In all sowings, under similar environmental conditions, V-plants flower signi- 
ficantly earlier than C-plants, yet it would appear that low temperature is 
not an obligatory factor for inflorescence of mustard Type 27. For it will 
be seen from Table XIII that, when the minimum night temperature averaged 
20®C. (Fig. 2) during the months of June and July, 1940, plants from un- 
treated seeds flowered in 46-75 and 47*18 days, respectively (Nos. 11 and 12), 
which was only about half the periods required for flowering by similar plants 
in winter sowing of October and November, namely, 99*2 and 90-5 days, 
respectively (Nos. 16 and 17). That the shorter vegetative period observed 
in summer is not due primarily to optimum photoperiod, but to temperature, 
will be seen from the results of sowing No. 1 (Table XTV), where the observed 
vegetative period of C-plants grown under 10 hours photoperiod (shorter 
than Almora winter day-length) for three weeks and subsequently under 
normal day -length of 13 hours was 52*2 days, while in sowing No. 3 under 
exactly similar photoperiods the observed vegetative period was 69*9 days. 
Therefore it can be concluded that for mustard Type 27, in spite of the fact 
that there is no specific low-temperature requirement of the first phase, low 
temperature, whether pre-supplied to the embryo during seed formation or 
to the embryo of the unsplit seeds or of sprouted seeds, will shorten the vege- 
tative period of the plants. The quantitative nature of the effect of low 
temperature on the development of mustard is proved by the fact that the 
vernalization induced increases up to a maximum with increased dose of chil- 
ling (Experiment 2). 

In the case of winter rye, Purvis and Gregory [1937] found that seedlings 
subjected to decreased photoperiod for six weeks at the initial stage will ad- 
vance to the reproductive stage earlier. From the data given in Table XIV, 
it will be seen that increased photoperiod for the first three weeks will shorten 
the vegetative period of mustard Type 27. In sowing 2 of June 6, 1940, 
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(when the day temperature was optimum and the minimum night tempera- 
ture was about 2()"'C.), the V-plants flowered earlier than the corresponding 
Oplants under all the three photoperiodie treatments. As the photoperiods 
were shortened from the normal daydength of 14 hours, tlie vegetative periods 
of both V- and C-plants increased. The vegetative periods of plants subjected 
to eight hours photoperiod for the first three weeks and subsequently to nor- 
mal day-length of 14 hours were 62*4 days for C-plantvS and 50 • 1 days for V- 
plants, while the vegetative period of C-plants subjected throughout to normal 
day-length of 14 hours was 48*7 days, which was similar to that of V-plants 
(50*1 days) subjected to a shorter photoperiod (Plate II), for the observed 
difference of 1*4 days is not statistically significant. The (>plants under 
14 hours photoperiod were subjected to the minimum temperature which 
averaged 20°C1. tliroiighout their first and second phases, yet they flowered 
at the same time as the V-plants subjected to diminislied photoperiod. Thus 
it can be concluded that a similar shortening of the vegetative period can be 
obtained either by pre-supply of low temperature to tlie emljryo or by sub- 
jecting seedlings to increased photoperiod. From the observations recorded 
it would appear that the original concepts of Lysenko’s theory of pliOvsic^ 
development of annual seed crops are not applicable to mustard Tvjx? 27, 
either in regard to the obligatory qualitative nature of tlie (*hanges j)roduced 
by low temperature during the first phase, or the strict dependence of each 
phase on the completion of the preceding pluise. 

Summary 

Vernalization response of different strains of mustard — Type 27 from 
New^ Delhi, Types C 11 and C 9 from Cawnpore, raya O. B/I and yellow sarson 
from Lyallpur — has been observed. Most of the environmental studies 
w^ere, liowover, carried out with mustard Type 27. Simple techniques, with- 
out facilities of electric supply, for vernalization of seeds and determination 
of after-sowing optimum temperature and jfliotoperiod have l>oen described. 
From the observed vegetative periods of plants grown in {K)t8 as well as in 
small field plots the following conclusions have been reached : — 

1. All the five strains of mustard respond to vernalization, i.e. plants 
from vernalized seeds flower earlier than those from untreated seeds. 

2. For a similar dose of chilling the vernalization respoase of different 
strains of mustard varies. 

3. Seeds which sprout as also those which remain unsplit, during the 
period of chilling are vernalized ; but for the same dose of chilling, 
earliness observed in plants from sprouted chilled seeds is greater. The deg- 
ree of vernalization induced increases to a maximum with increased dose 
of chilling. Under optimum chilling conditions maximum vernalization is 
induced in unsplit cliilled seeds of mustard Type 27 in six weeks ; further 
prolongation of cliilling up to 305 days does not induce any higher degree of 
vernalization, nor any de vernalization. 

4. While drying is fatal for sprouted chilled seeds of mustard, chilled 
unsplit seeds can be dried, and drying does not affect subsequent germination. 

5. The observed vegetative periods of plants (Tyjie 27) from progenies 
of seeds vernalized for three successive generations do not indicate any 
transmission of the effect of vernalization to the offspring. 
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6. When growth of the embryo is confined within the elastic limit of 
the seed-coat, the chilled seeds can be dried and stored for long periods 
(863 days so far observed) without any resultant do vernalization. 

7. Under all similar after-sowing temperature range and photoperiods so 
far studied, plants from vernalized uns7)lit seeds llow(w earlier. Thus an 
eiirlier harvest can be obtained by the use of vernalized unsplit seeds. The 
possibilities of associating yield with earlier harvest are discussed. 

8. Mustard Type 27 has no obligatory lo\v-tenp)erat(ire requirement 

of the first phase, for plants from untreated seeds will flower even wdren 
the minimum night temperature is or more. 

9. Partial natural vernalization is induced in mustard Type 27 when 
the embryo develops under low’ temperature. 

10. According to the prevalent categories, mnstard Type 27 i ' neither a 
short-day nor a long-da}^ plant, since it flowers under photoperiods of 10 
hours a.s well as of 16 hour's. But it is not indifferent to photoporiod. 

11. Under all tenrfjerature ranges of the Alrnora climate, wdth an in- 
crease of photoporiod fr’om 10 hours to 13 hours for the initial three w’eeks, 
plants from both untreated and vernalized seeds will flower significantly 
earlier. Photoperiods longe^r than 13 hours (up to 16 hours) induce simi- 
lar efl'ects in regard to tlu) flow^cring date of mustard Type 27, and tliere- 
fore 13 hours may he taken as the optimum photoperiod. 

12 Under similar pliotoperiods greater shortening of the vegetativo 
period is ol)served with increased temperature-range. Increased vege- 
tative period during w inter is primarily due to low temperature and not 
to short days. The ()])timum temperature for the second phase of develop- 
ment is 30T. 

13. Within limits, tlie effect of low' temperature during the first phase, 
and of ])hoto])eriod during the second phase, in shortening the vegetativo 
period of mustard Type 27 is of a quantitative nature. 

14. Embryo of mustard subjected to low’ temperature, or seedlings 
subjected to optimum pliotoperiod, can produce similar shoideiiing of vegeta- 
tive period. 

lo. In the liglit of the experimental data presented, the original con- 
cepts of Lysenko's theory of phasic development of annual seed crops is not 
applicable to mustard Type 27, oitlier in regard to the obligatory qualitative 
nature of changes produced by low’ tem[>erature during the fmst phase, or 
the strict dependence of each phase on the completion of the preceding 
phase. 
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T he white-fly, Bemisia tabaci* is a well-known pest of cotton in 
several parts of India and has been reported to be responsible for 
the periodic failure of some American varieties of this crop in the Punjab 
[Husain, 1933]. The white-fly, which occurs in very large numbers, damages 
cotton by de-sapping the leaves, which consequently get disfigured and dis- 
coloured. It is also found on tobacco almost all over India, though it is not 
so a>mmon in well-known tobacco-growing areas, e.g. Guntur in the Madras 
Presidency, in south India. This wliite-fly is also reported to transmit leaf- 
curl of cotton in the Gezira district of the Sudan [Kirkpatrick, 1931] and 
leaf-curl of tobacco in Southern Rhodesia [Storey, 1932]. Thung [1932] 
reported that this species occurs in the Vorstenland districts of Java, 
where it is a vector of ‘ Kroepoek ' disetise of tobacco. 

In India, Bemisia tabaci is not known to cause any virus disease to 
cotton, though its incidence on this crop is generally very high. In the 
case of tobacco, however, we have already conclusively shown that it is a 
very important vector of leaf-curl disease, which is common in North and 
Central India, [Pruthi and Samuel, 1937, 1939]. This white-fly has a large 
number of other food-plants in north Bihar (Pusa), a number of which also 
suffer from leaf-curl diseases, and in the case of some of them the white-fly 
has been shown by us to act as a vector of the disease [Pruthi and Samuel, 
1941]. 

In view of the great importance of Bemisia tabaci as a vector of 
tobacco leaf-curl virus or viruses, the waiters have studied its life and 
seasonal histories, range of food-plants, incidence on tobacco at diflerent 
times of the year, etc., during the past four or five years at Pusa, and the 
results of these investigations are reported in the following pages ; 

* Silveetri (Entomologia Applicata, Oli Insetti, I, p. 401, 1934), considors Bemisia 
gossypiperda M. and L. to be a Bynonym of B, tabaci (Goniiad.) (Genuadius, Agric, sUenioa^ 
1889). 
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Food-plants 

The oocurrenoe of Bemisia tabdci on several food-plants in the Pun- 
jab has been recorded by Husain and Trelian [1933, 1936], la a previous 
communication, the present writers [Pruthi and Samuel, 1939] report- 
ed several cultivated and wild plants as hosts of this wliite-fly at Pusa. 
During the past two years, we have made a thorough Hiirvey of the alternate 
hosts of this species in the environs of Pusa and some other h>calitios in 
north Bihar, and a list of all the plant hosts so far ol)served is give^ji in 
Appendix I. Several of these plants show symptoms of some leaf-curl 
disease almost similar to tliat in tobacco and in the c^ase of some we liave, 
as already stated, experimental evidence that tlie virus is the same which 
causes leaf-curl in tobacco. 


Life-history 

Some observations on the life-history of B. tabaci made in (*otton fields 
in India have l)een recorded by Misra and Lamba [1929], Husain and Tretian 
[1033], etc. Our observations differ in several important respeds from tliose 
of the workers named al)ove and are briefly described below’ : — 

In Biliar, tobacco is usually sowui in August and transplantc^d towai’ds 
the end of 8epteinber or early in October. The wliite-fly l>c\irins to make 
its appearance on this crop about the middle of Octolier. It is gene- 
rally found on the under surface of leaves, but all the k'aves of a phint 
or all the plants are not equally infested ; in fact some are entirely free, l)ut 
those leaves wdiieh are infested are generally fully covered ivith voirions stuges 
of the fly. Therefore, in addition to causing the leaf-(^ui‘l disease, (lie 
wdiite-fly directly damages the leaves by de-sa-jiping them and inje(;ting their 
saliva therein. Tlie honey -dew secreted liy munorous nymplis is conduOv^e 
to the development of sooty moulds on th(‘ leaves. 

Copulation 

Tlio most active period of breeding is early autumn (Scptember-Oelnlier) 
and sjyiing (February-Marcli). (•opulation ocfsirs 2 days aftei’ emergence. 
An infested leaf, wlien closely examined, reveaJs a numhei’ of v\ liitedly adults, 
sitting in groups of two or three in close (.outact with one another, and almost 
simultaneously shaking their wings ])iepurat(>ry to co]>ulation. One male 
and one female arc tluis often seen together, l)ut soitudimes tluue are two 
males one on eac]» side of a single female. Tlu‘, male as a rule dies w itliin 
24 hours after copulation, but the female after this |)ro(*(*8S moves ivbout 
restlessly for some time on the leaf surface, appa^rently in search of a 
suitable j)lace for ovipositiou. By the time it aOually deposits eggs, it 
acquh'es a full coating ot powalcry meal on its wings, ^fhe period betwa^en 
copulation and ovipositiou varies from one to two da} s in April-May and 
two to four days in October-December. 

Oviposition 

As the time for ovij position draws near, the female starts spinning on the 
under surface of the leaf, luinute, irregular or circular patches nuuie up of 
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network of thin, white fibres, composed of mealy-f)Owder derived from 
its wings, which it scrapes off with its antennae and legs. The ovipositing 
female, therefore, generally looks somewhat discoloured, owing to the absence 
or disarrangement of its powdery stuff. After spinning for about 20 min- 
utes, it deposits the first egg and covers it with a few povdery strands, 
and then lays another egg in close contact with the previous one and similarly 
covers it. Sometimes eggs are also laid almost entirely exposed. While 
laying eggs, the female raises the glandular hairs present on the surface to 
an upright position and clothes them densely with powdery meal. These 
hairs probably afibrd protection to the eggs against enemies. 

Oviposition records were taken every month during the three tobacco 
seasons of 1936-39 (Table I). For this purpose, freshly emerge*! wiiite-flies 
were taken and each pair w-as put in a micro-cage described by us in previous 
communications [1939, 1941]. The cage W’^as fixed on the lower surface 
of a leaf of a young jKitted plant enclosed in a glass chimney. After twenty- 
four hours, the tube containing the pair was removed and adjusted on a 
fresh spot on the same leaf. This was repeated every day and eggs deposited 
on various spotvS were recorded. 

The maximum number of eggs laid by a single female in captivity was 
77 in 1936 (October), 69 in 1937 (September), 168 in 1938 (April) and 206 
in 1939 (March). The maximum oviposition }>eriod varied from 9 to 12 
days. The average number of eggs laid by a single female was 44 in 1937 
and 77 in 1938. The female w^as found capable of laying up to a maximum 
of 56 eggs in twauitj^-four hours, and the egg-laying w as distributed tliroughout 
the period. The highest number of eggs dejiosited by a female on (‘otton 
plants, ac(H>rding to Husain and Trehan [1933] was 119 in 18 days, tlic average 
being 28 in 1929 and 43 in 1930. 

'Idle meteorological conditions of the j^criod during which tlie above 
observations were taken are summarized in Appendix 11. An examination 
of the Appendix and d'ahle I (containing tlic oviposition records) will show* 
that the capacity for egg-laying is largely governed liy tlie pre\ailing tem- 
perature and humidity conditions. As the temyierature goes up, as is the 
case from Mardi to May, the number of eggs laid per day increases, but tlie 
aggregate number remains almost the same. Under the opyjosite conditions 
(in December and »lanuary), the nuinlier of eggs deposited is considerably 
reduced and the oviposition period is prolonged. 

Duration of immature stages 

Husain and Trehan [1933] described tlie various stages of the wdiite fly, 
but their illustrations are not satisfactory. Therefore, draw ings of the imma- 
ture stages are included in this paper and the durations of various instars are 
briefly described below^ : — 

The egg (Plate HI, figs. 1-2). — The incubation period of the egg w as 3-4 
days in April-July, 3-10 days in August-March, the longest period observed 
being 7-10 days in December. Tlie incubation period on cotton recorded 
in the Punjab was 3-33 days. The eggs are often preyed upon by a mite 
abundant on tobacco during August to October. They arc also affected by 
intense cold, with the result that their hatching is indefinitely delayed. 
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Table I 

Records of oviposition of Bemisia tabao» during 1936'39 


Date of emergence 

Date of beginning of oviposition 

Total number 
of eggs laid 
and 

the number 
of days 
during which 
they were laid 

1936— 



30 August .... 

1 September 

61 (4) 

23 September 

25 September 

62 (4) 

17 October .... 

23 October .... 

77 (4) 

21 November 

6 December 

30 (6) 

1937— 



7 January .... 

14 January .... 

3(! (7) 

17 February .... 

21 February .... 

47 (5) 

25 March .... 

30 March .... 

65 (6) 

20 April .... 

23 April .... 

39 (4) 

17 May .... 

1 9 May .... 

68 (4) 

14 June .... 

1 8 Juno .... 

35 (4) 

9 July .... 

12 July .... 

31 (3) 

6 August .... 

8 August .... 

27 (3) 

1 September 

4 September 

69 (6) 

2 October .... 

4 October .... 

60(6) 

2 November 

6 November 

42 (8) 

6 December 

11 December 

35 (9) 

1938— 



16 January .... 

20 January .... 

39 (13) 

21 February .... 

26 February 

44 (5) 

28 March .... 

30 March .... 

68 (6) 
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Table I — corUd. 


Date of emergenco 

Date of beginning of ovipoeition 

Total number 
of eggs laid 
and 

the number 
of days 
during which 
they were laid 

1938 — contd. 



24 April . • . • 

26 April .... 

168 (5) 

6 May .... 

7 May .... 

163 (6) 

17 May .... 

19 May . . . 

149 (5) 

25 May .... 

29 May .... 

140 (5) 

12 June .... 

1 5 J uno .... 

39 (4) 

19 June . ' . 

22 J uno .... 

42 (3) 

0 July .... 

8 July .... 

48 (4) 

12 July . . . . j 

16 July .... 

32 (3) 

6 August .... 

8 August .... 

48 (4) 

24 August .... 

26 August .... 

65 (4) 

10 September 

14 September 

120 (7) 

3 October .... 

8 October .... 

79 (6) 

4 November 

10 November 

41(6) 

10 December 

15 December 

37 (9) 

1939-^ 



25 January .... 

30 January .... 

33(10) 

20 March .... 

23 March .... 

206 (5) 

16 April .... 

20 April .... 

131 ( 4 ) 


Meteorological data for the above periods are given in Appendix II. 


First instar nymphs (Plate III, fig. 3). — The young nymph casta its 
first moult in 3-5 days in August-September, 8-10 days in December- 
January and 3-6 days in May-June. The average duration of the first instar 
was 6 days. A portion of the cast skin is often seen adhering to the caudal 
end of the nymph but within a few minutes it dries up and gets blown off by 
wind. 
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Second instar nymph (Plate III, fig. 4). — The nymph moults in 2-6 
days in August-September, 6-9 days in December- January and 1-4 days 
in April-May. 

Third instar nymph . — The nymph moults in 2-7 days in August-Septem- 
bcr, 6-9 days in December- January and 2-4 days in April-May. 

Pupa (Plate III, fig. 5). — The pupal period occupies 2-5 days in August- 
November, 4-6 days in December and 3-6 days in January. A freshly- 
formed pupa is generally thin and flat, sub-elliptical, light-yellow, but 
kSOou becomes (‘onvex and yellow, wdth the margin broadly crenulate. 

The legs whi(9i are m ell develo|)ed in the first instar begin to degenerate 
in the siKH'.eeding instars, and are replaced by stump-like suckers in the 
second and third instars, while they are curved and unsegmentod in the 
pupa. The dorsal spines, on the other hand, which are practically absent 
in the first iiistar gradually make their appearance in the subsequent instars, 
i.e. 3 pail's in the second and third instars, and seven pairs in the pupa. The 
number and arrangement of tlie dorsal spines of the pupa bred on cotton 
described by Husain and Trehan [1933] is also constant in tiie puY>ae bred 
from tobacco. But so far, we have not met with any case of the total absence 
of the dorsal sj)ine8 mentioned by those autliors. 

Tlie average duration of each of the three njon[)hal instars mentioned 
above is 4-5 days. Tlie total jieriod of the three instars was 12-21 days in 
August-March, 10-14 days in April-July and 18-24 days in October-Deoember. 

Duration of the life-cycle . — The life-cycle of the white-lly as observed 
by Husain and Trehan [1933] was 14-21 days during April to September, 
the longest being 107 days. According to our observations the life-(tyclc 
lasted 17-32 days during August-March in 1937-38 and 16-39 days in 1938-39. 
The longest life-cyc'le notioed was 39 day's in I)e(;ember and the shortest 11 
days in April. 

In the lal)oratory, the wliite-fly completed twelve broods in the (Kiursc 
of one year. 

Emergence of adalls . — Tlie ne\\ly emerged insect often remains in 
contact with its emjity jiupal case for about 25 minutes, by whioli time the 
wings dry and unfold tliemselve.s to assume their normal shajx^ and size. 
Freshly emerged adults have at first semi-transparent wings which in a day 
or two get covered with white mealy powder. Although emergence of adults 
generally takes place during the day, sometimes it also takes place at night. 

Fref|uent eollec4i()ns of adults made from large rearing cages at different 
times of the year, have shown that the jiroportion of males to females is high 
during Marcdi-August, wliilc it is low' (luring September-February. The 
number of females emerging from the pupae is remarkably larger tlian that 
of males during winter months, viz. November- January. 

The adults. — 4'he abdomen of the male is creamy -yellow and tapering 
posteriorly ; in the female, it is sliglitly bigger and broader and is distinctly 
yellow (Plate III, fig. 6). Botli male and female prefer ex>al and shady placjes 
for breeding purposes. In summer, they hide in the day to avoid strong 
gun-light, and are active in the mornings and evenings. In winter, they are 
ob^rved in the fiiJd between 8 a.m. and 12 noon and 2-30 and 5-30 p.m. While 
flying from one field to another they often exhibit whirling movements in 
the air, but w hen moving from one plant to another they invariably jump ; 
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sometimes a jump may be as long as 20 feet or even more. Tobacco plants 
kept in pots at a height of 30 feet from the ground level, became infested 
with white-flies, showing that they are capable of flying up to that height. 

Longevity of the two sexes,—The duration of life was found to vary 
with the vsexes. Males were usually short-lived, their average life in April- 
August being 4 days, and that of females 8 days. The average life in winter 
(November- January) for tlie two sexes was 7 and 12 days respectively. 
(Population was ?ilso observed to influence the duration of life. In the case 
of males, tlie average duration in March-May before coinilation was 4*5 days, 
and in November-January 6-5 days, while the corresjionding figures for the 
tw’O seasons after copulation were 3-8 and 5-5 days respectively. In the 
case of females, the average duration of life in March-May before copulation 
was 6 days, and in November-January was 8-5 days; the cuiresponding 
figures after copulation were 7*0 and 12*5 days rc^spectively. These ob- 
servations show that the lengtli of life in males is shortened as a result of 
(K>})uhition, while in females it is increased. 

VMien starved, the two sexes liv^ed on an average for 1-5 and 2*5 days 
during Marcli-May and November-January res})ectivcly. 

Sexual (liYu orph ism 

'fhere is sexual dimorphism among the adults and pupae of the wdiite- 
ily a.nd the two sexes can be recognized easily. Tlie adult femiale differ 
from tl)e male by having a comparatively stouter abdomen and longer wdngs, 
and its pupa is ])igger in size than that of the male. 

The [)henomenon of jiartlienogenesis mentioned by Husain and Trehari 
[1933j has also lieen observed by ns. At Pusa it w^as noted both in the spring 
a.nd autumn. Prcshly emerged females were kept isolated in micro-cages, 
allowing them no (fiances for sexual re|)rodu(*ti(>n. One t^o tw'o weeks later, 
12-37 eggs were laid per female, and the progeny arising from them consisted 
of only males, w bicb w ere smaller in size than tliose produced normally. 

The lairuLATiON of tiik white-fly on tobacco and some otiie\i hosts 

AT DIFFERENT TIMES OF THE SEASON 

We have already stated tluit ihoro is a large number of wdld and culti- 
vated plants whicli act as hosts for the white-fly, Sunn-hemp, wdiich is 
one of its important food-plants, is sowti at Pusa about the middle of May. 
The white-fly aj)|)ears on it in June, wdien the plants are al)ont two weeks 
old. On nrid, ]>aiwa and arhar it appears early in August leaving migrated 
to them from duranta and several other weeds, e.g. Solanum nigrum, Vernonia 
cinerea, Evphorhia hiria, Ageratuvi conyzoiihu^, Ajiisoyncles oraUi, Launexi 
asplenifrjlm Scoparia didcis, etc. The wbite-fly multijvlies rajvidly on the 
al)Ovc mentioned plants up to September, then there is a gradual decline 
in its numbers and about the middle of Novembei there is practically no 
wliitc-fly on these plants. Sunn-hem]) remains in the field up to the end of 
September for m anuria] purposes and uj) to the end of January for seed 
purpovses. Patwa lasts up to the end of January, but arhar remains till 
March. 
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Fig. 1. Tlie jxjpulation of white-fly during 1938-41* 

When tobacco seedlings are transplanted in the field about the end of 
September, the white-flies, start migrating to them from duranta, sunn- 
hemp, Ageratum, Launea, and almost all the above named weeds. The 
migration of adults was observed in the fields from 7-30 to 10-30 a.m. and 
2-30 to 5-30 p.M. in October-November. In the first two weeks of October, 
eggs were found on majority of the seedlings, while a large number of gravid 
females were still in the process of ovipositing. Hatching of the eggs took 
place in the field about the third week of October, and adults of the first 
brood appeared about the middle of November. The development of the 

• The number of whito-flies given on the vertical axis are thoee found in a rando 
mused area of three-quarters of an sore of tobaooo plants. 
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white-fly is rather slow during December and January, Thus four to five 
generations only are completed on tobacco crop up to the end of March. As 
the vector has been observed to complete 12 generations in a year in 
the laboratory, it is obvious that the remaining generations arc completed 
on its other hosts during March to the end of August. Thus the white-fly is 
able to thrive almost tliroughout the year on account of its having a wide 
host range. It overwinters in the form of pupae, of which some get actually 
killed by frost, fungus (Aliernaria sp.), and parasites. 



Sticky boards were set up during August-December on the bunds of 
some fields, in which sunn-hemp, urid, soya-bean, meth, tobacco, etc. were 
growing, to note the extent and time of flights of the white-flies. The data 
collected showed that maximum number of captures were secured in Septem- 
ber-October thus coinciding with the planting time of tobacco. 

In 1938, a three-quarter acre tobacco plot (I P Hybrid 142) sown and 
transplanted respectively in September and October was selected for the 
purpOvSe of estimating the changes in the population of the white-fly at different 
times of the year. The plot consisted of 44 rows with 110 plants in each 
row, and of these, to avoid border effect, 36 rows with 100 plants in each 
row were selected for taking the observations, the total number of plants 
under examination being 3,600. The plants were randomized, and about 72 
plants distributed in 36 rows at the rate of two plants in each row were 
examined weekly. In addition to this, daily counts were also taken on 10 
plants which had also been selected at random. The weekly population of 
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the white-fly was recorded by carefully exaniiuing all the leaves of the entire 
plants with a hand lens, and counting the number of difterent stages (nymplis, 
pupae and adults) of the vector present on eac;}\ plant. Weekly counts of 
the leaf-curl plants were also recorded along with the population of the white- 
fly. Observations were taken on tliese lines throughout the tobacc^o seasfm — 
beginning fi*om the third week of October up to the middle of April. Similar 
observations were also taken during 1939-40 and 1940-41 in a field in M hich 
August-sown tobacco was transplanted in September or early in October 
(normal time). The data of incidence of the white-fly and leaf-curl (jollected 
during the three years are graphically shown in Figs. 1 and 2. From the 
data it is evident that the number of various stages as well as the adults 
decreased from the first week of November uj) to the second week of January, 
after which there was again an increase which continued up to the second 
week of April when the crop was harvested. The graphs in Figs. 3-5 show 
the meteorological data separately for the three years (1938-41) during v\ hi(;h 
the incidence of the white-fly and leaf-curl disease was recordt;d. 



Correlation between the incidence of white-fly and tobacco 

LEAF-CURL 

In order to ascertain whether any correlation existed between the inci- 
dence of the white-fly and the intensity of leaf-curl disease on tobacco ( rop, 

♦ The tf mperaturrs are given in d( gicr s Ft 



I] LEAF-CURL DISEASE OF TOBACCO IN NORTHERN INDIA, V 


45 


seedlings were raised every month from July to December during 1939-40, 
and the seedlings from each nursery wore suc(jessively transplanted in three- 
quarter acre plots. We^ekly census of tlic white-fly (all stages) togotlier 
with the incidence of diseastxl plants occurring in eacli ])lot every week were 
recjorded. Tlie data thus obtained are given in Table IJ . 

In the case of July-August lot, the white-fly a])]3eared in the fourth 
week of September and increased rapidly in nundjers during Oc^tober and 
November, but decreased from Decjember (>nv\ards. The leaf-curl disease 
was first shown by eight plants in the last week of Sc[)tember, followed by 
a slight rise in O(itober and November, but there was a considerable fall in 
December and January. Thus the intensity of leaf-(aui conxisponds with tlie 
rise and fall in the population of the white-fly. It may l>e pointed out that 
the incidence of leaf-curl in the fourth week of 8eptemi)er shows that infec- 
tion iiad already taken })lace in the nursery stage. 



In the August-September lot, the white-fly appeared in large numbers 
in the second week of October. The incidence at the end of November was 
almost the same as in the July-August lot. It, however, decreased from 
December onwards. Diseased plants, which were first noticed in the third 
week of October decreased in number in November and December, and no 
fresh incidence of disease was observed in the rest of the season. 

♦ The temperature^ are given in degrees F, 
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In the September-October lot, the white-fly appeared in the fourth week 
of October, but enormously increased in November, followed by a gradual 
decrease in the rest of the season. The corresponding incidence of leaf-cur 
which first appeared in November and December was practically negligible. 



In the October-November lot, the white-fly began to appear in small 
numbers in the fourth week of December, and its incidence remained very 
low in the following months. Only two plants showed disease in the third 
week of December. 

In the November-December lot, the low incidence of white-fly which 
was observed in the fourth week of January, remained almost steady up to 
March. The corresponding incidence of leaf-curl was also noticed to be 
very low. 

In the December -January lot, white-fly began to appear in the first 
week of March and no increase was noticed in its numbers in April. The 
disease did not appear in the plot at all. 

The foregoing observations show that the incidence of leaf-curl disease 
is closely dependent upon the population of the white-fly. Furthermore, 
it can be concluded that infection of seedlings in the nursery stage also takes 
place if they are kept exposed for a considerable time before being trans- 
planted. 


* The temperatures are given in degrees F. 
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The above observations were dontinued during the year 1940-41, when, 
ittdllte tile previous year, nursery seedlings were raised under two sets of 
oOKUilii^ns, viz. one set was exposed to nature, while the other was protected 
under an insect-proof cover up to the time of transplanting. The data thus 
collected are given in Table III. 

From a close examination of the data it is evident that as in the case 
of the previous two years, the incidence of the disease was dependent on the 
population of the white-fly, attd further seedlings under insect-proof covers 
in the nursery showed lower incidence of the white -fly and correspondingly 
lower incidence of the disetkse than those which were exposed. 

Natural enemies 

An unidentified Chalcid parasite of the pupa of Bemisia tabaci on 
cotton has been recorded by Husain and Trehan [1933j. At Pusa three new 
Chalcid parasites, viz. Prospaltella amitki Silv., Pleropteryx bemisiae Mani (to 
be described elsewhere) and Ereimocerw masii Silv., were noticed parasitizing 
the pupa of this white-fly while infesting several food-plants, viz. tobacco, 
sunn-hemp, Ageratum, soya-bean, duranta, cowpea, gingelly, chillies, zinnia, 
cotton, etc. The parasites were noticed during the months of Novernber- 
January, and of the three species, P. bemiside appeared to be most common. 

Parasitized pupae could be easily distinguished from the normal ones 
by the dark colour of their entire body except the vasiform end which was 
radish-brown. The pupal cases of the parasitized white-fly left after the 
emergence of the parasites and white-flies can, also be easily distinguished. 
They have a tiny circular hole in the region of the thorax on the dorsum in 
addition to dark or reddish-brown colouration which very often iiersists even 
after the emergence of the parasites. 

In order to estimate the degree of parasitization of the host on these 
various plants, the leaves from each plant were collected at random and the 
parasitized and non-parasitized pupae were C/Ounted on each leaf. The 
para.sitism was found to vary from 1 • 5 to 5-1 per cent. On cotton, where 
intense breeding of the white-fly in the rearing cages was noticed, parasitism 
was found to be as high as 62-73-5 per cent. 

Summary 

1 . The biology of the white-fly, Bemiaia tabaci, the vector of the leaf-curl 
virus disease of tob^oo, was studied in tobacco fields at Pusa for five years. 

2. The white-fly has a large number of alternate food-plants, some of 
which also suffer from virus diseases and have been proved to be the alter- 
nate hosts of the tobacco leaf-curl virus. A complete list of the food- 
plants with the time of the year when the white-fly is found on them and 
Its intensity is given in Appendix I. 

3. The population of the white-fly on tobacco crop studied at different 
tip«B of the year dbowed that it is highest in autumn (up to the middle of 
Novembwr), goes down in winter and rises again in March. 

4. The inoidimee of the disease in tobacco is dependent on the population 
of the white-fly. 

5. A biief account of the natural enemies of the white-fly is given. 
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AOKKOmiBBOEMBOT 

Our sincere thanks are due to the Imperial Economic Botanist for kindly 
allotting a tobacco plot for our observations, besides many other facilities 
provided for our work at the Botanical Sub-station, Pusa. The Imperial 
Mycologist has kindly identified the entomogenous fungus found infesting 
the pupae of the white-fly. 
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APPENDIX I 

Food-plants of the white-fly, Bemisia tabaci Gen., in the environs of Puaa 
{Bihar) and remarks on the incidence of leaf -curl disease in them 


Food-plant 

Time of occurrence of 
the white-fly and its 
degree of infestation 

Time of occurrence of 
leaf- curl and its 
degree of incidence 

SonANAOE-® 



Oapaioum animum* 

Oct.-Doc.; Feb. -March ; 
severe in Feb. -March. 

Oct. -Dec.; 16-25 per cent 

Datura stramonium'^ 

Feb. -March ; moderate . 

Sept. -Oct.; 76 per cent 

Hyosoyamus niger , 

Oct. -Feb.; severe . 

.... 

Lycopersicum esciUentum^* 

Feb. -March ; moderate . 

Aug. -March ; 6-15 per 
cent 

Lycopersicum pimpinellifolium* 

Oct. -Dec.; moderate 

Nov.-Dee.; 1 per cent 

Nicandra physaloides* 

Nov.-Dee.; moderate 

Oct.-Doc.; 2 per cent 

Nicotuma glauca 

Oct. -Nov.; moderate 

.... 

Nicotiana glutinosa. 

Ditto 

.... 

Nicotiana plumbaginifolia 

— 

.... 

Nicotiana rustica* , 

Oct.-Nov.; moderate 

Severe in Oct.-Nov.; 25-30 
per cent 

Nicotiana tabacum** 

Aug. -Dec.; severe in Nov. 

Aug.-Dee.; 30-40 per cent 

Petunia phoenicea . 

Oct.-Nov.; moderate 

.... 

Physalis angulata^ . 

Nov.-Jan.; moderate 

Dec.; trace 

Physalis peruviana* 

Oct. -Dec.; severe . 

Oct. -Dec.; 40 per cent 

Solanum melongena* 

Oct.; moderate 

Oct.-Nov.; 1 per cent 

Solanum nigrum** . 

Oct.-Nov.; Feb. -March ; 
moderate. 

July ; March ; 5 per cent 

Solanum tiiberosum* 

Oct. -Dec.; Fob. moderate 

Nov.-Jan; 2-6 per cent 

Solanum verbasiofolium • 

Aug. -Oct.; moderate 

— 

LBaTTMmOSEJB 



Araehis hypogaea* ^ 

June-Ai:^.; moderate 

July- Aug.; 6-12 per cent 

Oaganua ca^an* 

Dec. -Feb.; Aug.-Oct.; very 

1 r\xxF 

Dec. ; trace 

Cicer drieUnum* 

XU w 

Deo.- Jan.; very low 

Dec, -Jan.; 6-10 per cent 

CfUtoria ternatea 

March- April ; very low . 



^ Wliioh show symptoms of leaf-ourl dise ase al most similar to that in tobacco, 

vliiift on those ^onts is the s^e liBUiBllillprfi in tobacco. 
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APPENDIX l--conid. 


Food -plant 

Time of occurrtmoe of 
the white-fly and its 
degree of iiifc^station 

Tim© of occurrence of 
leaf- curl and its 
degree of incidonoo 

LBGUMINOSEiE — COfltd . 

Crotalaria juncea** 

J nil e-Oct . ; severe 

Aug. -Nov.; 10-15 i>er cent 

Dolichoe lablab 

Oct. -Dec.; very low 


Ervum lena .... 

D(ic.-Jan.; very low 


Glycine hispida* 

Oct. -Nov.; iiioderate 

Oct. -Nov.; trace 

Medicago saliva 

March- April ; very low . 

— 

Melilotus parvijlora 

Sept. -Oct ; very low 


Phaseolus calcaratiLS* 

Oct, -Nov.; March- April ; 

Oct. -Nov.; tracf' 

Phaseolus mungo* . 

moderate 

March- April ; severe 

March-Apri] ; 70-80 per 

Phaseolus radiatus* 

July -Oct.; moderate 

Aug.-8e])t.; 30-40 percent 

Phaseolus vulgaris . 

1 Doc. -Jan.; v^ery low 


Pisum arvcnae 

Ditto 

— 

Pisum sativum 

Ditto 

.... 

Trifolium alexandrinum , 

March-April ; low . 

— 

Vigna ccUjang . . . • 

Oct. -Doc.; voiy low . j 

— 

Composite 

Ageratum conyzoides** 

July-Nov.; moderate 

July-Dee.; 20-25 })er cent 

Calendula officinalis^ 

Doc. -Jan.; very low 

Dec. -Jan.; 1-2 per cent 

Carthamus tinctorius"*^ 

Dec. -Mar.; fairly severe . 

Dec. -Feb.; 10 per cen 

Cosmos bipinnatus* 

Dec. -Jan.; voiy low 

Dec . - Jan . ; 1-2 p<?r cent 

Inula (Vicoa) vestitrx* 

Aug.Sopt.; Nov.-Doc.; 

Dec. -Mar.; 30-40 per cent 

Launea asplenifolia** 

very low 

Jan. -Mar,; June-Sept.; 

July -Mar.; 60 per cent 

Vernonia anihelmentica* . 

severe in Feb, -March 
Sept . -Dec . ; moderate 

Sept. -Nov.; 5-10 per cent 

Vernonia cinerea'^* . 

July -Oct.; very low 

July-Fob.; 6-10 per cent 

Xanthium strumarium 

Jan. -Mar.; moderate 

.... 

Zinnia elegans*'^ 

Aug. -Oct.; mod€>rate 

Aug. -Jan.; 16-20 per cent 


* Plants which show symptoms of leaf-curl disease almost similar to that in tobacco. 
** The virus on these plants is the same which causes leaf -curl in tobaoco» 
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Food -plant 

of occiiTTence of 
the whitt^-fly and its 
dogroe of infeatation 

Time of occurrence of 
leaf- curl and its 
degree of incidence 

Malvace^ 



Althaea rosea* 

Aug. -Dec.; Jan. -April ; 
moderate 

Aug. -Dec.; 5-15 per cent 

Qossypium herhaceum 

Ditto 

— 

Hibiscus cannahinus* 

July-Nov.; moderate 

A Mg. -Dec.; 10-15 j)er cent 

Hibiscus esculcntus* 

Aiig.-Oct.; moderate 

Aug. -Dec.; 5-10 per cent 

Hibiscus rosa- sinensis* 

Aiig.-Oct.; Feb. -March ; 
moderate 

All round the year ; 40-50 
per cent 

Sida cordifoUa 

Aug. -Oct.; low 

— 

Sida rhombifolia** . 

Aug. -Oct.; moderate 

Jiily-Feb.; 5-15 per cent 

LINACE.T. 



Linum usitalissimum 

Sept.-Nov^; low 

— 

CRUCIFEKiE 



Brassica campestris 

Nov. -Jan.; wry low 

— 

Brassica najuis* 

Ditto 

Nov. -Feb.; 10-15 per ct>nt 

Brassica oleracea* . 

Ditto 

Ditto 

Brassica oleracea var. botrytis* . 

Ditto 

Ditto 

Brassica juncea. 

j>itto 

— 

Brassica rapa* 

Ditto 

N o V . -F eb . ; 2-5 per cent 

Baphnus sativus* 

CUCTJRBITACEA3 

Ditto 

Nov.- Feb.; 5-10 per cent 

Cucumis melo 

April -May ; low 

— 

Cucumis sativus* 

Aug. -Get.; low 

Se])t.-Nov,; 1 per cent 

Lagenaria vulgaris* 

July-Sept.; low 

Oct. -Nov.; 1 per cent 

Luff a acuiangula* . 

Ditto 

Sept. -Oct.; trace 

Luff a aegyptiaca * . 

^ Ditto 

Ditto 

Trichosanthes anguina* . 

Ditto 

Ditto 

Trichosanthes dioica 

Sept.-Nov.; March-April; 

1 moderate 

— 


• Plants which show symptoms of leaf-curl disease almost similar to that in tobacco. 
** The vims on theae plants is the same which causes ieaf-curl in tobacco. 
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APPENDIX 1—contd. 


Food -plant 

Time of occurrence of 
the white -fly and its 
dogrtio of infestation 

Time of occurrence of 
leaf-curl and its 
degree of incidence 

XJmbblliipbbjb 



Ooriandrum sativum 

Jan. -Feb.; low 

— 

Labiatjb 



Aniaomelea ovata* . 

Nepeta ruderalis 

Ocimum haaiUcum . 

Aug .-Oct Feb. ; 
moderate 

Aug Nov Feb. ; 

moderate 

Aug. -Oct.; low 

Sept. -Nov.; trace 

.... 

1 .... 

Ocimum sanctum 

Ditto 

* 

Fuphorbiack.® 

j 


Euphorbia hirta** . 

Euphorbia heterophylla 

Euphorbia hypericifolia . 

J uly-Sopt.; March-April ; 
low 

Aug. -Oct.; March-April; i 
moderate ! 

Ditto 

i July-Doo.; 5-10 per cent 

Euphorbia prostrata 

Ditto 

1 

CONVOLVULACEJE 



Convolvulus arvensia 

Oct.-Dec.; very low 

.... 

Coccinia indica 

Ditto 

.... 

Impomwa batatas* . 

Oct.-Dec.; moderate 

Nov., trace 

Impomwa reptena 

Ditto 

.... 

AMARANTAOEiE 



Achyranthes aspera* 

Amarantus gangeticvis 

Aug.-Sopt.; Nov.-Dee,; 
moderate 

Sept. -Nov.; very low 

Aug, -Deo.; 5-12 per cent 

Amarantus spinosua 

Ditto 

• . . . 

Amarantus viridia . 

Ditto 

«... 

Celosia criatata 

Ditto 

— 


* Plants which show symptoms of teaf-curl disease almost similar to that in tohswco. 
•• The virus on these plants is the same which causes leaf*curl in tobaoco. 
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APPENDIX l—concU. 


Time of occurrence of 

Time of occurrence of 

Food-plant 

whito-fly and its 

leaf-curl and its 

degree of infestation 

degree of incidence 

Cappabidbjbs 



Chome chelidonii 

Sopt.-Oct.; very low 

.... 

Cleome viBCoaa 

Ditto 

.... 

Aoanthacejk 



Euellia prostrata 

July-Sept.; low 

— 

Sesamum indicum* 

Sopt.-Nov.; moderate 

Sept.-Oct.; 8-16 per cent 

Vebbenacb.® 



Clerodendron infortunatum^ 

Aug. -Oct.; very low 

Sept. -Dec.; 10-25 per cent 

Durant a plumieri*^ . 

Oct.-Jan.; March-April ; 
moderate 

Oct.-Jan.; 5-20 per cent 

Tiliaceas 

1 


Cor chorus capsular is 

Oct. -Dec.; moderate 

— 

Corchorus acutangulus 

Ditto 

— 

UBTIOACEiE 



Cannabis saUva* 

Feb. -April ; moderate 

Feb. -March.; 1-2 per cent 

Chenopodiace^ 



Chenopodiutn album 

1 Oct. -Dec.; very low 

— 

S CROPHULABINE AS 



Scoparia dulcis** 

July-Oct.; moderate 

July-Dee.; 10-16 per cent 

Rosaobab 



Rosa centifolia 

Feb. -April ; very low 

— 

GKRANIAOBiE 



Oxalis coTfiiculata . 

GRAMIKAOEiBJ 

Sept.-Nov.; very low 

.... 

Cplismenus burmanni 

COMMELNIAOBJE 

/ 

^ept.-Dec.; fairly high . 

.... 

Cotnmelina b&nghalensis . 

Sept.-Dee.; fairly high . 

— 


* Plants which show symptoms of leaf-curl disease almost similar to that in tobacco. 
** The vims on these plants is the same which causes loed'-curl in tobacco. 
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Meteorological data for the periods during which oviposition records were taken 


Year 

Average temperatures 
during the period 
(“F.) 

Relative 

humidity 

Remarks 


Maximum 

Minimum 

(per cent) 


1936^-- 

30 AuguBt-^4 September 

88*8 

80*2 

91*0 


23 — 29 September 

89-8 

77*2 

87*0 


17 — 27 October 

84-0 

70*4 

82-0 


21 November — 12 December . 

78-5 

49-0 

82-0 


1937— 





7 — 21 January 

74-7 

42*5 

72*0 


17 — 26 Febtuary . 

68-3 

55*5 

94 0 


25 March— 4 April 

93*5 

66-5 

51*0 


20—27 April 

101-5 

70-5 

49-0 


17— 23 May . . . | 

103-7 

74*5 

61*0 


14 — 22 June 



. , 

Temperature re- 

9— 15 July .... 



. . 

cords not taken 

6 — 11 August 

91-0 

79-0 

83*0 


1 — 9 September , . . 

92-0 

80-0 

80-0 


2 — 10 October 

83-0 

70-0 

89-0 


2 — 13 November , 

82-8 

61-5 

78-0 


6 — 20 December . 

70*5 

43-0 

83*0 


1938— 





1 6 J anuary — 1 February 

74*0 

47*5 

84*0 


21 February — 3 March . 

74*9 

46*0 

74*0 


28 March — 4 April 

96*0 

60*5 

40*0 


24Apra— I May . , . 

97*0 

73*5 

48*0 
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APPENDIX ll—candd. 


Year 

Average temperatures 
during the period 
("F.) 

Relative 

humidity 

Remarks 


1 

Maximum 

Minimum 

(per cent) 


1938 — contd. 





5—12 May . . . , 

930 

70-6 

840 


17—23 May .... 

950 

78-6 

72*5 


25 May — 4 J uno . 

90- 0 

78*0 

87*0 


12 — 19 June 

93*5 

77*0 

93*0 


19 — 25 June 

93-0 

79*3 

78-0 


6 — 12 J uly .... 

91-5 

80*5 

85*0 


12— .19 July ... 

88’6 

78*2 

91*0 


6 — 12 August 

87-5 

78*2 

93*0 


24 — 30 August 

91*5 

81*0 

80*0 


10 — 21 September 

93*5 

79*2 

89*0 


3 — 14 October 

92-4 

76*7 

79*0 


4 — 15 November • 

84*0 

59*7 

76*0 


10 — 24 December , 

74-5 

47*2 

94*0 


1939— 

25 January — 9 February 

75*5 

53*0 

94*0 


20-28 March 

93*0 i 

1 

59*5 

49*0 


16 — 24 April 

95-0 j 

62*5 

46*0 




BIOLOGICAL CONTROL OF THE COTTON STEM 
WEEVIL, PEMPHERVLVS AFFINIS FST., IN 
SOUTH INDIA 

BY 
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(Received for publication on 19 October 1940) 

(With Plato IV and ten tt'xt-figuros) 

P iEMPHERU LU8 AFFINIS Pat. commonly known as tlio cotton stem 
weevil and one of the major pests of both exotic and indigenous varieties 
of cotton in south India, is widely distributed in the cotton-growing dis- 
tricts of Madras. With a view to furthering the po.ssil)ilities of its control, 
the Indian Central Cotton Committee sanctioned a small scheme to study 
its distribution in India, both on cotton and its alternative hosts, in con- 
junction with a search for parasites and predators. Tbe .scheme wtus put 
into operation in October 1935 and continued for a period of three years. The 
present paper records the re.sults obtained in this preliminary investigation. 

Methods 

At the outset the need for exact information on the incidence, habits and 
reactions of the stem weevil was felt. Contimiou.s and quantitative field 
studies were made to tmoe the annual course of weevil -breeding, with parti- 
cular reference to the time and character of its inoidencK) in cotton. Brief 
surveys of the important cotton-growing tracts and quantitative tiollections 
and examinations of alternate host plants were also undertaken. In the 
course ofthese studies over 55,000 cotton plants, 23,000 alternate ho.st plants 
and 14,000 specimens of parasites have been handled. 

The mass of data accumulated during tlie period may be conveniently 
dealt with under three main hesids : (1) stiulics on the weevil, (2) studies on 
par^ites and predators, and (3) a concluding part summarizing the present 
position of our knowledge of the problem. 

Peevious knowledge 

The information so far available may be briefly summarized as follows. 
Ramakrishna Ayyar [1918] and Ballard [1922] published general oirtlines of 
the life-history and the different stages of the insect. It wiis then known to 
occur only in Coimbatore, Salem, Trichinopoly, Madura, Ramnad and Malabar 
districts. The life-cycle is recorded to range from 77 to 99 days : 6-8 days as 
egg, 35-67 days as larva and 9-10 days as pupa. The life-span of the adit is 
recorded to be about 36 days. The average egg-laying capacity is about 15-6 
eggs per female with a maximum of 30. The emergence period extends to 
about a month. ^ Among its alternate host plants are included a dozen species, 
such as Althaea rosea, Hibiscus esculentus, II, catinahinus, Corchorus olitorius, 
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A. A typical PeJiip/H’riihis-iuivt^tvd ('ainbodia plant. 

lb (U)tton st('ins (l(‘pi(‘ting vaiaation^ in mnnhcr, natniv. sliaia* and sizv nf (.all 

iorniatioii. ^ 

C. (Litton St, Mils with hark iwelfil ofT sliowiii^- early einirse ,>f atlaek an,! niiiiielline roiinil 
the stems. ^ 

I). Lfmeitiiiliiial section flirougli iiifosteil cotton stiMiis revealing the ihimaee eansed iiishle 
tlje st(‘ms by the triaibs. 




1 ] BIOLOGICAL CONTROL OF COTTON STEM WEEVIL 69 

8id(i apinosa, Triumfetta spp., Ficus religiosa, Hibiscus rosa-sinensis, Ccdotropis 
gigantia, Melia azadirachta, Abutilon indicum and Dornbeya. No natural 
enemies, either parasites or predators, were known. Indigenous varieties of 
cotton were supposed to be less susceptible to weevil attack. 

I. Studies on the weevie 

Disteibution 
Madras Province 

As these studies were based on brief reconnaissance tours in certain selected 
cotton-growing tracts in the province the data cannot be regarded as either 
exhaustive or conclusive. Broadly speaking, the distribution of the pest is 
restricted to the southern parts of the Madras province, where it has developed 
into a major pest of cotton. In the northern districts the weevil may be consid- 
ered to be almost absent as a pest of cotton, its place being, in a wav% taken 
up by the Buprestid boiler, Sphenoptera gossypii, though far less destructive. To 
be more precise, Pempherulus is now definitely known to occur either in cotton 
or allied foo<l plants in the whole of Coimbatore district, almost the whole of 
Ramnad district, the southern portion of Tinnevelly, tlie whole of Malabar 
and the southern border of south Canara and portions of the adjoining native 
states of Cochin and Travancore. In Malabar and south Canara the insect 
has been noted only on allied food plants but not cotton. Stray specimens of 
the weevil have also been received from a few of the northern districts like 
Vizagapatam. It is practically absent in the Ceded Districts. 

Other parts of India 

A brief visit to Bihar, United Provinces, Gujerat and Hyderabad (Deccan) 
forms the basis for these observations. The weevil is not known as a serious 
pest of cotton in any of tliese provinces in India. It has, however, been noted 
to breed in alternate host plants like Hibiscus esculentus at Pusa and Sasamusa 
at Surat and Dehra Dun. From Dehra Dun it has also been found on other 
allied plants such as Urena lobaia, Althaea rosea, Sida rhojyibifolia and 8, acuta. 
The weevil has not so fai' been observed in cotton or alternate food plants from 
Hyderabad. 

Distribution outside India 

The species is reported to infest cHitton in Burma and Philippines. It has 
been ascertained that the weevil is absent in Indo-China, Federated Malay 
States, Australia, New Zealand, Brazil, British West Indies, South Africa, 
Rhodesia, Uganda, Sudan, Egypt, U. S. S. R. and Ceylon. 

phe genus Pempherulus and its distribution* 

The genus Pempherulus comprises only five known species whexse distribu- 
tion is confined to the Indo-Malayan zone as may be seen from the data furnish- 
ed. 

P. affinis Fst. — India, Burma and Philippines 
P. habena Pasooe. — Singapore, Malacca and Philippines 

♦ The writer is mdebted to the Imperial Institute of Entomology, London, and TJ. S. 
Bureau of Entomology, Washington, for this information. 
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P. pleurostigma Fst. — South India 

P. picta Heller. — Tenasserim (Lower Burma) 

P. trilineata Pascoe. — Batohian (Dutch East Indies) 

Three of these species are restricted to Indo-Burman region. The genus may 
be regarded as Indian or Indo-Burman in origin. 

Seasonal histoby 

Trend of incidence in seasonal crops 

A systematic collection of cotton plants and detailed examination of the 
same week after week and month after month were arranged. The data were 
recorded in a definite and uniform plan so as to afford an idea of the progress 
of incidence, seasonal history, number of generations, density of populations, 
course of parasitism and other controlling factors. The material collected 
cannot be considered thoroughly representative, owing to limitations of field 
area and staff, and also to the inevitable factor of the erratic distribution of 
the pest. Notwithstanding these handicaps, the quantitative data secured 
during the period indicated the main trends. 

Table I 


Percentage infeMation in seasonal crop 


Month 

1935 

-36 

1936-37 

1937-38 

No. of 

Percent- 

No. of 

Percent- 

No. of 

Percent- 



plants 

age of 

plants 

age of 

plants 

ago of 


exam in- 

infesta- 

('xamin- 

inicBta- 

I'xatnin- 

infesta- 


cd 

tion 

od 

tion 

ed 

tion 

September 

1,200 

0*0 





October . 

3,158 

3-2 

224 

1*3 

1,470 

12*85 

November 

803 

23-2 

832 

4*7 

2,302 

14-80 

December 

1,381 

28-4 

.'ISO 

68*0 

727 

35-40 

January , 

1,228 

55*0 * 

084 

83*0 

2,292 

54*00 

February 

1,577 

77*2 

! 2.278 ' 

89*9 

1,464 

57*00 

March 

869 

91*7 

345 

90*1 

668 

59*00 

April 

498 

88*0 

321 ; 

93*5 



May 

455 

99*0 

109 i 

98*2 i 



J une 

154 

100* 0 

79 1 

; 98*7 



July 

260 

100*0 

, , ' 

! 



August . 

210 

100*0 

• • 

* * 

• • 

* • 


An analysis of the data recorded (Table I) for the three years reveals a 
general uniformity in the trend of infestation from Ootolier to March. It 
reveals that weevil incidence grows in intensity as the season advances. The 
seasonal history is roughly characterized by the oocun-enoe of three generations 
though considerably overlapping from October to March. The first of these 
generations roughly covers the period from October to December. The second 
is not very clearly defined but occupies a period up to middle of February. 
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By this period the overlapping of broods is so heavy that generations are al- 
most indistinguishable. A third brood may commence in February and ex- 
tend far into April. Beyond this period, owing to heavy overlapping, broods 
are absolutely indistinguishable. Despite this overlapping, two more supple- 
mentary broods, though feeble, could be indistinctly traced, if the crop is re- 
tained till the end of August. 

Though these general remarks are applicable to the three seasons under 
review, there have been considerable variations in the nature and extent of 
infestation and progress during different seasons. In tlie early stages of tiie 
crop, say within three to four wrecks, there is a total absence of infestation as 
may be seen from 0 per cent in September. The fresh initial wave of inciderujc 
is visible in October and the progress of this brood is distinct. Oviposition 
probably commemies during the month and ])robab1y to a slight extent by the 
latter part of the previous month and stray, newly hatched grubs form the only 
notic.eable stages during the period. Tlic ])ercentage of infestation ^‘anged 
from 1-3 to 12-85. Small incipient galls are apparent even at this stage. 

Early part of Noveml)er reveals the presence of medium -sized grul)S, a 
proportion of whicli reacihes maturity towards the (dose of the month. The 
percentage sliows an increase and ranges from 4-7 to 23-2. All stages 
including ])repupae, ])U])ae and adults along with ejnergen(?e apertures 
and large well-formed galls are available in J)e(?end)cr when the percentages 
vary from 28-4 to 08. The first geru^ration is now almost nearing completion 
and the partial wave of emergence may be noticed. By January the second 
generation may be said to have (‘ninmevu^ed with the attack ranging from 54 
to 83 per (?eiit. In y^pite of three successive l)r(>ods iii the season, the 
live population docs not show a steady imvrease throughout. Towards the 
middle (rf February the live j)opula;tion reaches its ])eak, varying from 45-4 
to 08-5 stages per 100 plants (1937 and 1938). Thereafter, the population 
shows a gradual docline, ranging from 15*7 to 28-7 (Table II}. 

Table II 

Trend of live jxqmlalion 
(Li VO po})uIation pc-r 100 plaut.s) 


October 

November 

December 

January 

February 

March . 


1936-37 

1 1937-33 

IS 

1 13*1 

4' 1 

10*7 

72-9 

1 31*8 

68*2 

42-7 

98-5 i 

45-4 

28*7 

i 15*7 


Possible factors. —The actual causes of the fall in population are, however, 
not definitely known. On the other hand it is obvious that only successful 
waves of adult emergenc.e at every generation can maintain or augment 
population density. 



Temperature 
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But the prevailing ecological conditions? at this stage seem to operate against 
this. Among these, the increased resistnnce inherent in the plants by pronoun- 
ced proliferation and gumming which showed a marked increase during the 
reproductive phase of the plant, may be cxjunted as one. Another probable 
factor in operation may be the unsuitability of tlie croj) due to changes in plant 
constitution. This has in a way been corroborated by chemical analysis. 
Finally, the prevailing dry sjkjII due to higher temperatures and lower humidi- 
ties (Figs. 1, 2 and 3) and tlie slight increase in the parasitic element (Tables 
VIII and IX) may also have had their share in contributing to this decline. 



Humidity 

Fig. 3. Temperature-huinidity curve, 1937-38 (average mean) 


Trend of incidence in off -seasonal crops 

The decrease in tlie density of jxipulatioii in the seasonal crop by about 
February raised the question of tlie infiuencc of tlie season marked by high 
temperatures and low humidities as compared witli the age of the crop. With 
a view to shedding some light on this problem, an off-seasonal crop was raised 
for the first time in February 1937 and again in 1938. From Table III it may 
be noted that there was a phenomenally heavy incidence and parasitism in 
1937, which served to suggest the imix)rtance of the age of the crop as against 
physical factors. The data for 1938 have not been significant for the purpose. 
It may, therefore, be seen that no satisfactory answer can be given unless the 
experiment is repeated for a series of years and correlated with meteorological 
data. 
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Table III 


Percentage infestation in off -seasonal crops 



1937 

1988 

Month 

No. of 
plants 
examin- 
ed 

Percent- 
age of 
infesta- 
tion 

No. of 
plants 
examin- 
ed 

Percent- 
age of 
infesfck- 

March ...... 

640 

5-6 


. • 

April ...... 

300 

36-7 

676 

10'9 

May ...... 

253 

79*0 

570 

22*1 

June ...... 

324 

100 0 

1,268 

j 29*3 

July 

632 

1 

100*0 

2,154 

47*0 

August ...... 

1,355 

‘ 100*0 

1,588 

87*8 

Septoinlicr ..... 

no crop 

767 

93*7 


Stdtiis of the weevil as peM of cotton 

A systematic collection and examination of all dead plants from the fields 
afford striking proof of the status and destructiveness of the weevil. From 
the data furnished (Table IV) nearly 07 per cent of the total mortality in the 
crop is caused by Pemphernlus. 

Table IV 


Mortality in plants 


' 1 

i 

Mohth i 

i 

i 

i 

Number ! 
of ' 

plants 

- 

Percentage 

■ 1 

1 

November 1935 . . • • • » • j 

1,087 

95*0 

December 1935 ....... 

590 

94*6 

January 1936 ....... 

380 

98*6 

February 1936 ....... 

657 

100- 0 

March 1936 . ^ , • . . . 

325 

98*8 

April 1936 . . * 

205 

100*0 

May 1936 

179 

100*0 

June 1936 ........ 

1 60 

100*0 

July 1936 

1 31 

tooo 

Noveinber 1 936 

1 700 

98*0 

December 1936 ^*1 ..... . 

300 

100*0 

January 1937 

^ 200 

1 

100*6 
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Influence of temperature and humidity on the iceevil 

The irregular distribution of the insect in different years and the remark- 
able variation in inciden(» in different localities necessitated an extensive study 
of its reactions under different combinations of temperature and humidity. 
Apparently its heavy incidence in certain localities indicated that there are 
definite optimum localities having special environmental conditions, particu- 
larly temperature and humidity. Therefore, a study of its physical ecology 
was undertaken. The temperature was controlled by using different capsules 
in tan electric incubator. Humidities were adjusted by using sulphuric acid 
in different dilutions. The results obtained have formed the subject of a sepa- 
rate paper [Krishna Ayar 1941], These are briefly summarized in the following 
paragraphs. 

(t) Each phase of the insect’s life has distinct and differential require- 
ments of temperature and humidity for its survival and development. 

(ii) The adults are unable to withstand high temperatures for ( ansider- 
able duration. Their upper thermal death-point is about 122° F. when they 
are unable to stand exposure for six hours. At 113°F. it takes 48 hours to 
kill them. Between 113°F. and 106°F. a very mmdi longer period of exposure 
is necessary to produce lethal effect. Changes of humidity do not seem to 
affect them at these high temperatures. 

(iii) For maximal functional activity and longevity a temperature range 
of 90°-98°F., associated with humidity GO — 80 per cent, is the optimum. 
The duration of life of the adults may extend to three months under these 
conditions. Changes in humidity also exercise great influence on the longevity 
of the adults, 60 — 80 per c>ent being the most favourable (Table Vj. At 
100°F. they live for shorter periods. 


Table V 

Influence of humidity on. the longevity of the adults 



Longevity of ftmiales (day.s) 

Humidity (per cent) 




Mated 

Uninated 

0 

2 • 0 

2*4 

20 

3*8 

3-4 

40 

13-3 

i 

14-1 

60 ‘ 

, 13*2 

39*3 

80 

i ]3-5 

34-7 

100 

]30 

i 

18*0 


At 91°F. and 73 per cent humidity, a maximum of 91 days averaging 50-5 
for 45 individuals has been recorded, < 
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(iv) Reproduction is much reduced above 100°P., unless when the micro 
climate is very favourable. The egg-laying capacity decreases with rise in 
temperature. At 91°P. the average production per female is 46 eggs, at 93°E. 
29*2, at lOC^F. 25*3, at 106°F. 45 and at 113®F. 0*7 eggs, the last being in a 
collapsed condition. 

(v) A wide range of tolerance is exhibited at each temperature with 
regard to humidities for oviposition. At lOO'^F. the optimum is between 80 
and 100 per cent relative humidity, at 93°F. between 60 and 80 per cent and 
at 91 °F, is about 70-75 per cent. 

(vi) The incubation period is not much affected by variations in humidi- 
ties at normal temperatures. 

{vii) The upper limit of viability of egg is a little below lOO'^F. At 60 
per cent humidity there is partial hatching, at 80 per cent there is complete 
hatching, but the best level for hatching and survival is 100 per cent relative 
humidity. 

(viii) Eggs and early stage grubs are very sensitive to desiccation and 
high mortality is caused by changes in this factor ; medium and mature grubs 
require medium humidities, while prepupae and pupae withstand and develop 
even in lower humidities like 40—20 per cent and 0 per cent. A higher humi- 
dity of 100 per cent is not conducive to the development of older stages due 
to fungal attack. 

(ix) Mating retards longevity of the adults. At 60 per cent humidity 
and 93°F. the unmated male can live to the maximum period of 98 days, while 
a mated one lives only 58 days. Similarly, an unmated female lives longer for 
three months, whereas its mated sister perishes after 54 days. 

(x) At favourable temperatures and humidities there is no difference in 
the duration of life of the different sexes but, under unfavourable conditions, 
the males succumb earlier. 

(xi) The duration of life is much affected by food (Table VI). 

Table VI 


Duration of life at and 80 per cent relative humidity 


Mated or unmatod 

Sc‘x 

! Maximum 
longevity 
without 
food 
(days) 

Maximum 

longevity 

with 

food 

(days) 

Unmatod ...... 

Male 

4-0 

23-9 

Do. 

Female . 

4-4 

34-7 

Mated ...... 

Male 

40 

18-6 

Do. ..... 

Female not allowed 

4*6 

13-2 

Do. 

to oviposit 

Female allowed to 

6*0 

IS- 6 


oviposit 
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^ The results described in Table VI explain to a great extent why Pempheru- 
lua is more abundant under irrigated conditions and in more succulent varie- 
ties like Cambodia. 

Alternate food plants 

An interesting phase of the investigation of the weevil is the study of its 
food plants other than cotton. The earlier accounts, besides being vague and 
conflicting, fail to provide the exact species of plants in many cases. No data 
on incidence, locality, susceptibility and status are available for any species. 
It was, therefore, evident from the outset that the host plants were imperfectly 
known. These studies were restricted in scope, being confined mostly to locali- 
ties in Coimbatore and its environs. A few ot^casional collections from adjoin- 
ing forests were also made. These have not only brought to light a number 
of hitherto unrecorded food plants, but also provide valuable information on 
the exact species of plants, the nature and character of infestation, the changes 
in the habits of the insect in relation to plant species and a series of new para- 
sites peculiar to these changed habits. A concise summary of the data is 
furnished in Table VII. 


Table VII 


Name of the alternate 
host 

Natural 

order 

Total 

number 

examin- 

ed 

Average 

p(‘r cf'iit 
of infesta- 
tion 

Highest 
pf‘r cent 
of infesta- 
tion 

Remarks 

Triumfetta rhoniboid-ea* , 

Tiliaceae . 

4,990 

69*6 

100 



Gorchorvs olitoritia . 

>> 

1,519 

27-0 

61 * 5 



Corchorus trilocularis 

»» • 

684 

1’2 

2-8 

Doubtful host 

Sida acuta* , 

Malvaceae . 

5,116 

10*7 

80*0 



Sida spinosa . 

»» * 

160 

20*7 

737 



Sida glutinosa* 


190 

12-6 

91-3 



Sida rhomhoidea* 

»» • 

278 

0'5 

10*0 



Sida rhombifolia* . . j 

f* • 

109 

I 4-6 

50-0 i 



Malvaatrum coromande- 

»» • 

4,607 

14-9 

41-5 



lianiim* 







Hibiscus vUifolius* . 

»> • 

1,324 

! 61 

40-0 



Hibiscus ficulneus* . 

»* • 

740 

30 

16*6 



Hibiscus esculentus . 

• 

381 

14-4 

30-5 



Hibiscus cannabimcs 

tf • 

321 

! 35-2 

80- 0 



Urena sinuata* 

>» • 

396 

1 0 3 

16*7 



Hibiscus sumttemis 

ft • 

304 

1*3 

20*0 


Doubtfhl 

Melochia corchorifolia 

ff • 

258 1 

4-7 

7-4 


^110 live sta- 

Abutilon hirtum • . \ 

tf • 

356 1 

10-4 

52-7 


8cs have 

been actual- 

Abutilon glaucum . 

ft • 

1 

531 1 

M 

5* 5 


ly recoverd 


Nine plants among these, marked with asterisk, were recorded for the 
first time as alternate hosts for PempJierulns affinis. The discovery of such a 
large number of jjdants, most of them occurring wild in nature, has set the 
problem of control of the pest on a different footing. It has made it clear that 
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the mere observance of a close period between two cotton crops will not effec- 
tively control the pest under the conditions prevailing at Coimbatore even by 
a prolonged close period. 

Amongst the several hosts, Trnmfetta rhomboidea is the most favoured of 
wild plants but adults emerging from tins host do not oviposit freely on cotton. 
It is not clear whether this preference is due to race differences or food require- 
ments. The importance of the discovery of unrecorded parasitic fauna in 
these food plants will be dealt ivith under parasites. 

Reaction of Pempherulus ivith reference to food 

Studies on insect dietetics are of great practical importance in affording 
clues for devising preventive and control measures. A series of exix^riments, 
therefore, conducted to determine the effect of different kinds of food on the 
fecundity and duration of life of the females of Pempherulus under known 
identical physical conditions and the results obtained have formed the subject 
matter of a separate paper [Krishna Ayyar, 1940, 3]. 

Mere supply of water does not seem to have any beneficial effect on its 
life-duration or reproductive powers. An excdusive carbohydrate diet produces 
a remarkable increase in duration (ff life and also, to a limited extent, fecun- 
dity. Raisin, whose composition includes a small proportion of proteins and 
fats, besides carbohydrates, has yielded best results, it seems to constitute 
an ideal food among those tested in respect of all activities, inclusive of fecun- 
dity and longevity. From an average of about four eggs without any artifi- 
cial food as high an average as 70*1 eggs per female witli a record number of 
164 eggs as maximum per female has been obtained on a raisin diet. Results 
of a few tests on oviposition responses in relation to oviposition sites, such as 
roots, flower buds, etc. arc also presented. 

Original home and habitat 

The investigation of the original home and primitive environment of a 
pest may afford the key to itKS present status and eventual control besides 
being the most promising source of efficient parasites [Myers, 1931]. Previous 
studies on the weevil gave no indications of tlie original home of the weevil. 
The weevil came into prominence with the introduction of an exotic variety of 
Cambodia cotton from Cochin (/hina some 30 years ago. On this account 
as also because of its long association with this variety of cotton, it was suspect- 
ed that the weevil was also imported fi*om the same country. But a study 
of its geographic distribution coupled with that of its food plants and parasites 
largely renders this assumption open to question. It has already been noted 
that the genus does not extend beyond the Indo-Malayan zone. It is, there- 
fore, evident that the immediate ancestors of Pempherulus affinis and its allies 
must have had their origin in this region. Further, it is a well-known fact that 
an insect in its native habitat is usually well controlled by its natural enemies. 
But Pempherulus has no effective natural enemy in cotton field and the few 
recorded must be regarded as of recent association since none is mentioned in 
previous literature. These and other considerations suggested that the pest 
might have commenced to infest cotton comparatively recently. The survey 
made in parts of Malabar district pointed that wild bhindi {Hibiscus siiecies) 
should Imve had an older association with w^CYil tbau cotton, since the insects 
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preferred the former, when both were grown together. Besides, it was found 
to infest Hibiscus esculentus in localities wliere cotton was completely absent* 
Further studies revealed that the insect is found infesting wild plants in hill 
tracts and forests in distant parts of India, such as Malabar in the south and 
Dehra Dun in the north. Its association with such wild plants as Triumfetia 
rhomboidm, 8ida acuta, S, rhomboidea, Urena lobata in virgin forests far away 
from any cotton cultivation would appear to be still older and more primitive 
than with Hibiscus esculentus. Among these, T. rhomboidea appeared to be 
unique in both heaviness of infestation and parasitism. With it is associated 
a parasitic fauna not met with in cotton tracts. These findings are highly 
suggestive of the possil)ility that Pempherulus is indigenous to India with some 
one of these wild plants (possibly T, rhomboidea), serving as its original or 
primitive habitat. Further studies in this line would prove extremely useful 
and interesting. 

II. Studies on the parasites 

The investigations conducted in this line may bo conveniently discussed 
under four main heads : — 

(а) Parasites in association with cotton 

(б) Parasites in association with food jdants otlier than cotton 

(c) Parasites imported from other provinces 

(d) Mass-breeding experimental releases and recoveries 

Parasites in association with cotton 

One predatory mite and six species of Hymenopterous parasites were ob- 
tained from Pernpherulus during the course of the present studies. These are 
listed below : — 

Acarma — Pediculoides ventricosus Newpt. (Tarsonemidae) 

Braconidae — Spathius critolaus Nixon 

Chalcidoidea — 

Euderus pempheriphila Ramkr and Mani 

Eupelmus sp. 

Aplastomorpha calandrae (How.) 

Eupelmus urozonus Dalm. 

Unidentified Braconid {Microbracon sp. ?) as also a Chalcid 

Pedicidoides ventricosus Newqit. (Acarina — 'rarsonemidae) : It is known 
to have a world-wide diBtril)ution. Among its liosts may be counted the 
larvae, pupae and even adults of a wide range of soft-bodied insects, parti- 
cularly insects of stored products and othens tliat live in partial or complete 
concealment. Being an external parasite it feeds by sucking out body fluids 
of soft, integumented insects. The life-history of the mite has been w^orked 
out by many authors [Taylor, 1937] and is w^ell knowm. It has a short life 
and the eggs and young ones develop inside the motlier and are given birth to 
as adults though at this stage their size is small. Soon after it commences 
feeding, it becomes globular in size with a small anterior projecting head. 
This attacks the immature stages of Pempherulus in the laboratory but has 
seldom been ol)served in nature in the field, ^^ery often tlie grubs together 
with their parasites are devoured. Its utility as a means of pest control is 
extremely doubtful. 
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Extent of total parasitism 

The course of parasitism was followed in relation to three seasonal crops 
sown in September and two off-seasonal crops between March and August 
(Fig. 4). The data are presented in Table VIII. 



Fig. 4. Percentage infestation and parasitism in seasonal crop 


Table VIII 


Infestation and parasitism in seasonal crops 


Month 



1935-36 

1 

1936-37 

1937-38 

Percent- 
age of 
infesta- 
tion 

Percent- 
age of 
para- 
sitism 

Percent- 
age of 
infesta- 
tion 

Percent- 
age of 
para- 
sitism 

Percent- 
age of 
infesta- 
tion 

Percent- 
age of 
para- 
sitism 

September 







October . 

3-2 

, . 

i-3 


12-86 

1*03 

November 

23-2 


4-7 


14*80 


December 

28-2 


68-0 


36-40 


J anuary . 

55-0 

1-90 

83-0 

0-90 

64-00 


February 

77-2 

0-59 

89*9 

0*68 

67-00 

0-64 

March 

91*8 

4-70 

90-1 

2-00 

69-00 

6*20 

April . . 1 

88-0 

1-60 

93-6 

0-60 



May 

100-0 

3-20 , 





J uno 

100-0 





^ * 

J uly 

100-0 

!, 



•• 

• • 


I] 
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Infestation and parasitism in off-seasonal crops 
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From Table VIII it may be evident that the rate of parasitism during the 
three seasons shows marked irregularity which does not admit of any easy 
explanation. The total parasitism did not exceed 5 • 2 per cent in the seasonal 
crop and 6 • 7 per cent in the off-seasonal crop. Parasitism was evident in the 
first brood itself in the seasonal crop for the year 1937 but the peak period would 
appear to be February -March when second and later broods overlapped. The 
off-seasonal crops show a greater regularity in parasite incidence (Fig. 6). 




Seasonal incidence of parasitism 

Among parasites, Spathius critolaus generally appears early in the season 
during the first generation of the pest. Its occurrence, though in small num- 
bers should, however, be deemed important since it happens at a time w'hen the 
pest incidence is low. The importance of Euderus pempheriphila consists in 
its numerical superiority. It is comparatively abundant in January as also 
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in June to August. Aplastomorpha and Evpehnus sp. occur in some numbers 
late in the season — June to August — when the crop is to be removed. The other 
species were only of occasional ocourrentse and their role in the control of the 
pest may be considered to be insignificant (Figs. 6-10). 
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Biology of the parasites 

The habits and life-history of a few have been studied in detail . A detailed 
study of others has not been possible. 

Spathius criiolaus Nixon is a primary, ectophagous, larval i)arasite. A 
small proportion of the females is winged. Mating is not essential for ovijiosi- 
tion. The females search out the grubs in the galleries, paralyse them by 
stinging and then oviposit. Only active, healthy and fairly mature grubs 
appear to be chosen as hosts. Generally one egg is laid on each host, although 
a female can lay up to a maximum of seven eggs per day, the average being 
two to three. The maximum number of eggs laid by a female was 53. The 
pre-oviposition period is normally two days. The egg stage lasts for one or two 
days. The larvae on hatching, feed externally on the fluid contents of the host 
for about four to five days. When full grown, they spin cocoons around their 
bodies. The prepupal and pupal periods are two or three days and eigi^t days 
respectively. The adults emerge by making a circular opening first in the 
cocoon and later in the bark of the stem. The males generally emerge earlier 
(by one to three days) than the females. Parthenogenetic progeny are all 
males. The entire life-cycle may vary from 14 to 25 days, according to the 
season. The duration of life of the adult varies considerably with the nature 
and availability of food. When fed on the nectar of cotton flowers, they were 
found to live up to 5| months. No case of hyper-parasitism has been noticed 
so far. A detailed account of this parasite has already been published [Krishna 
Ayyar, 1940,1]. 

The parasite has two alternate hosts : (1) the amaranthus weevil HypoUxus 
iruncatvlus (Ourciilionidae) and (2) the cotton stem-borer Bostrychid, Sinoxy* 
Ion sudanicum. The discovery of these has been useful for rearing the parasites 
under laboratory conditions when Pemphemlus is not available in the field. 
An account of their mass-breeding is furnished in a later paragraph. 
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Euderm pernpheriphila Ramkr. and Mani is a dark, smaU-sized, Eulopliid 
with a tiny ovipositor, attacking medium -sized grubs, found near the bark, 
and yet it is the most numerous amongst the weevil parasites collected from 
cotton fields. The female stings the host completely paralyses it and lays 
inmost cases a single egg, loosely and indiscriminately on any part of the 
host larva. Even when more than one egg is laid, it is only one that develops 
to maturity. The larva on hatching feeds voraciously on the host, reducing it 
quickly into an empty capsule. It then evacuates the meconium, turns into a 
short, white prepupa, soon transforms itself into a slender, naked pupa in the 
host-tunnel and subsequently emerges as adult. The egg-period is one day, 
laiwal period 4-7 days, pupal period 5 to 7 days and the total life-cycle varies 
from 12 — 18 days. The maximum duration of life of the adults, when fed on 
raisin, was 13 days. The adult is not a strong flier and is difficult to breed in 
captivity as seen from limited trials in the laboratory. This parasite is subject 
to the attack of a hyper-parasite Eupelmella pedatoria Eerr. in the full grown 
larval and pupal stages. 

Eupelmns sp. is another primary ectophagous parasite. It lays its eggs 
mostly on young grubs, although it sometimes cliooses more advanced, medium- 
sized grubs also. Egg-period is not known and larval period occupies about 
five days, prepupal ])eri()d one day and pupal period ranges from five to nine 
days. It was found only occasionally in very small numbers, 

Eupelmas vrozonus Dalm. is an occasional ectophagous parasite of Pern* 
pherulus grubs. This species prefers full-grown host-gruos, but sometimes also 
attacks medium -sized ones. The egg- period occupies about one day ; larval 
peT’iod six to eight days ; prej)uy)al period about one day ; and pupal period 
from six to nine days averaging 7*5 days. The species also occurs in 
association with alternate host plants like Sida acuta. 

AploMcymorpha colandrae (How.) sometimes occurs in association with 
alternate host plants like Triumfetta rlumboideu. It has been found to mate 
and oviposit in captivity. It also reproduces parthenogeneticaDy giving 
rise to males. It lays its eggs in most cases singly after paralysing the host- 
grubs, which may i)e eitlier medium sized or full grown. The j)re-ovipo- 
sition period varies considerably up to a maximum of 22 days. Egg-period is 
about one day, larval period four to six days, |)rej)U|)al one to three days and 
pupal period varies from five to ten days, Tlie total life-cycle ranges fiom 


16 to 17 days. i j t 

Eupelmella pedatoria Ferr. is a wingless, shining dark Chalcid. It parasi- 
tizes not only PeMpherulus grubs but also those of Hypolixus truncatulus and 
Apion corchori. It also functions as a hyper-parasite on larva and pupa of 
Euderus. Though not economically of much significance it is of oonsiderable 
soientifio imjxirtance due to its jieculiar habits of reproduction and its e 
role as a primary and secondary parasite. Tlie life-cycle varies from 17 ^ys 
in July to 23 days in November, averaging 20-7 days during the period, ihe 
duration of life of the adult ranges from 6 to 47 days averagmg 19-7 days 
for a dozen individuals. Three generations of the parasites have been reared 
in the laboratory without encountering any males. Probably males are 
unknown in the species. A detailed account of this species has already been 

published [Krishna Ayyar, 1940,1]. i 

Other species of parasites : An unidentified Chaloidoid. and a Bracomd 
probably of the genus Microbracon) have been, on rare occasions, taken from 
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Pempherulvs in cotton. The Braconid has also been actually reared in the 
laboratory from parasitized host-grubs ooUeoted from the field. 

Parasites in association with alternate host plants 

It may be stated that as the existence of alternate host plants was itself 
doubted at the commencement of this scheme, parasites from this source were 
totally unknown. When parasites were collected from these food plants, the 
studies imparted a new orientation to the problem of biological control of 
Pempherulus. Nearly a thousand parasites belonging to different species were 
collected from Triumfeita rhomboidea, Corchorus oUtorius, Sida acuta, Sida 
glutinoaa, Malvastrum coromandelianum and Hibiscus esculentus. Among 
these, those secured from Triumfeita formed the great bulk (Tables X and XI). 
Particular interest has attached to the incidence of parasites since the ultimate 
aim of this work is to find measures for the control of the weevil. The follow- 
ing species have been bred from this source : — 

Chalcidoidea — 

1. Entedon pempheridis Yerr. 

2. Dinarmus sauteri Masi* 

3. Eupelmus urozonus Dalm. 

4. Euderus pempheriphila Rainkr. and Mani 

Braoonidae — 

5. Spathius labdacus Nixon 

6. Spathius critolaus Nixon 

7. Rhaconotus cleanthes Nixon 

8. Rhaconotus menippus Nixon 

Besides these, a Nematode parasite, Qeomermis indica Steiner Inis also 
been noted. Five of these species, namely, Entedon pempheridis, Dinarmus 
sauteri, Spathius labdacus, Rhaconotus cleanthes and Rh, menippus are absent 
in cotton fields. Most of the species are new to science and have only been 
recently described. 

Seasonal incidence 

The data collected on this aspect are presented in Tables X and XI. 
Although the parasites occur throughout the year, their maximum incidence 
seems to be from September to November, which period synchronizes with 
the early stages of the first brood of Pemphervlus. If any of these can 
establish in cotton, it may be able to keep the pest under control. In fact a 
single coUeotion of two species of these parasites was actually made from 
cotton fields, when the infested alternate food plants were spread in the 
cotton crop. 

Biology of the parasites 

It has not been possible to study the life-histories of all the species. A 
separate account, embodying all available information has already been 
published [Krishna Ayyar, 1940,1], brief summaries of which are furnished 
below : — 

Entedon pempheridis Ferr : This species is totally al^sent in cotton fields, 
widely distributed and most numerous among alternate 

♦ Dinarmus coimbatorensis Ferr., recorded in previous papers is a synonym of D, 
sauteri Masi. 



Seasonal incidence of parasites in nature from alternate host plants based on data collected every month from different 

localities 
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(A) Spathiui crUolau, from Meloehia excluded, (B) l.t record of Nematode parasite. (C) 2nd record of Nematode parasite 
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host-plant parasites. It has been bred from Pemphertdus infesting Tnumfetta 
rhomboidea, Sida acuta , Corckorus ohtorius, Maluastrum coromandelianumy also 
from Apion grubs boring into C. oUtorius. It is a primary larval parasite and 
is the only endophagous species so far noted on Pemphernlus. A single egg is 
probably laid inside the host-grub and the larva on hatching consumes the 
entire contents of the host. Just prior to pupation it issues out of the empty 
host and pupates in the tunnel. Since parasitism by this species is the highest, 
it is likely to prove very useful. 

Dinarmus sauieri Masi : It is a primary ectopliagous parasite of PempJit- 
ruins grubs. Its life-cycle covers a period of 17-21 days. It has been collected 
from Pemphcrulus attacking T. rhomboideay Sida acuta, Corchorus oUtorius and 
Hibiscus esculentus. It is absent in cotton fields. 

Spathius lahdacus Nixon : It is a large, spotted-winged species, with a long 
ovipositor. It has been bred only in association with one wild food i)lant, 
namely, T. rhomboidea. It is a primary, ectophagous parasite, choosing its 
victims from among the healthy non-parasitized full-grown grubs. Its life- 
cycle ranges from 18 to 22 days. It has been successfully reared in the labora- 
tory. Parthenogenetio reproduction is common. 

Rhaconotus cleanihes Nixon and R. menippus Nixon : These slender 
Braconids are more or less similar in appearance and habits. They have been 
bred in association with T. rhomboidea, C\ oUtorius and Sida acuta. These are 
also primary and ectophagous. These attack full-grown host-grubs. The 
life-cycle roughly occupies 16 to 24 days. These parasites are entirely absent 
from cotton fields. 

Other spe(aes of parasites such as Eaderus pempheriphila, Eupelmus 
urozonus, Spathius crilolaus, etc. have already been reviewed under cotton 
field-parasites. 

Nematode parasite (Geomermis indioa Steiner) : This generally infests 
mature grubs boring into T. rhomboidea and feeds on the internal fluids. It 
has been identified by Dr Steiner as Oeomermis indica. The genus itself is 
known only from U. S. A, so far. 

Impobted parasites 

Over 20 different species of parasites numbering in all about 600 
individuals consisting mostly of Braconids and (^halcidoids obtained from 
30 different lots of infested plant material were collected in the course of 
the north Indian tour. The entire collection comprised parasites either from 
Curculionid stem-borers or other stem-l)orers belonging to allied families. 
Attempts were made to breed them on Pempherulus grubs. Among these, only 
two species v^ere seen to possess possibilities of utilization. One of these is a 
species of Spathiics parasitizing Dinoderus in bamboo, collected from Jawalapur 
(United Provinces) and the other, a larger Braconid — Doryctes sp. — attacking 
Cerambycids (undetermined) boring into Milleitia at Dehra Dun, 

Spathius vulnificus Wlkn. from Jawalapur : This is a winged form of 
Spathius, closely resembling the local species (S, critolaus Nixon) in size and 
general appearance. Being a larval parasite, its potential efficiency is great. 
It searches out and follows up the grubs of Pempherulus and Hypolixus, 
supplied to them in stems in cages. Its fecundity is 89 eggs. As many as 
20 eggs have been seen to be deposited on a single grub of Hypolixus, which is 
oapaWe of supporting all these to maturity. This heavy super-parasitism 
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though an apparent advantage for mass-breeding, is wasteful in the field. The 
life-history has been worked out. The total life-cycle varied from 19 to 29 
days, made up of an egg-period of two days, larval period of six days, pre- 
pupal j)eriod of six days and a pupal period varying from 6 to 13 days. The 
males emerge one or two days earlier than females. The pre-oviposition period 
ranged from 4 to 20 days. The duration of life extended up to three months. 
Since it admitted of rearing in the laboratory, mass-breeding was attempted. 
It was more or less encouraging in the beginning. It, however, showed a ten- 
dency to a gradual decline in numbers from generation to generation. It may 
be easier to obtain thousands of these parasites by importing parasitized 
material from the original source where it is plentifully available. 

Donjctes sp. from Millettia : This species is a comparatively large-sized 
Braconid which freely develops on Hypolixus and Pempherulus grubs provided 
inside stems in cages. It is capable of laying a maximum of 27 eggs. The 
total life-cycle occupies about 24 days with an egg-period of two days, larval 
period of six to seven days, prepupal period of about two days and a pupal 
period of 11 — 13 days. The pre-oviposition period varies from 4 to 21 days. 
The egg-laying capacity is comparatively poor. Mass-breeding was attempt- 
ed but without much success. 

MASS-BREEDINa, EXPERIMENTAL RELEASES AND RECOVERIES 

The main attempt at mass-breeding centred round Spathius critolam. 
The imported species, Spathiiis vulnijicAis, also received some attention. 

Spathius critolaus : Availability of host material is one of the cliief factors 
in mass multiplication. Pempherulus stages are only available during the 
cotton season and even then only in small quantities ; during the rest of the 
year it breeds on two alternate hosts. 

Hypolixus truncatulus and Sinoxylon sudanicum : The former host was 
utilized for rearing parasites inside the laboratory in small cages and the latter 
was useful for breeding in large out-door cages. The Bostryciiid — Sinoxylon — 
generally bores into wilting and wilted Cambodia cotton stalks ; occasionally 
it also bores into living plants in the field. The female tunnels into the stem 
and constructs an enlarged chamber for pairing, into whicli the male enters. 
After mating, the female makes a new side tunnel, where it deposits the eggs. 
The grubs, on hatching, make long galleries along the stem and pupate in the 
galleries filled with wood-dust and excreta. The adult beetles emerge by 
boring their way out of the stems. The entire life-cycle occupies roughly 
six to seven weeks. The adults can be easily collected during the afternoons, 
especially in November and December. There appear to be four distinct 
broods. The mature grubs of this borer form the preferred hosts of the para- 
site. In the case of Hypolixus^ eggs are laid in cavities hollowed out in stems 
which are later on sealed. The average egg-laying capacity is about 56*4 
female, with the maximum rising uj) to 78, It passes through five 
larval instars before turning into a prepupa. The total life-cycle averaged 
42*7 days within a range of 35 — 55 days. The egg-period averages about 
4*6 days, the larval 24 days and the prepupal and pupal together about 16 
days. The duration of life of the adult female averaged 42 • 6 days and that of 
male 38 • 5 days. The study of this liosti has an added significance in the pre- 
sent studies. It is a heavily parasitized insect in nature with a set of over 
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14 dififerent species of parasites. As many as five or six species ainont^ these 
are also parasitic on Pempherulvs in o )tton. 

By a judicious handling of tiiese two hosts about 9000 parasites were 
actually reared during the period. Table XII furnislies data on their numbers 
and seasonal occurrence. 

Table XII 

Spatliius critolaus (1936-1938) 



Month 

j Collections from outdoor 
i eagr 

Roaring in laboratory 
cage 




j 

I 1936 

' 

1937 

1938 

1936 

1937 

1933 

J anuary 



. i . . 

76 

39 




February 



. ! 

55 



26 

10 

March 



274 

53 

81 


32 

19 

April . 



. ; 185 

90 

116 

60 

16 

1 

May . 



7 

288 

101 

355 

10 

13 

June . 



. ! 9 

182 

295 

62 

3, 

. . 

July . 



. ! 264 

159 

7.0 

19 

M 

j 


August 



385 

117 

873 

i 5 

I 30 

25 

1 

Scpt(*mbcr 



. i 279 

30! 

' 5t)5 

180 

i 29 

50 

October 



. ; 685 

324 

i 541 

: 183 

8 

1 65 

November 



. ; 365 

232 


’ 20 


! 

1 

December 

• 

• 

. i 179 

260 


33 

^ 9 




Total 

. j 2,(i32 

2,137 

3,321 

; 917 

i 202 

183 


It may be noticed from Table XII that tlie einergeuce of the parasites was 
greatest during July to October, winch is a very (M>nvcnicnt time for releasing 
them in the fields to control the fiist generation of the pest. The sex-ratio of 
the parasite shows a slight prepondei ance of females averaging 53 per cent 
from Bostryohid hosts and 58 per cent from Hy-polixus, About 5-0 per cent 
of these are winged forms. 

Releases 

The release of this species was attempted twice in tlie field cages during 
the period. The first of these was vitiated by the following unforeseen cause 
and therefore could not be pursued. The plants grown in cages for the purpose 
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during the off-season were heavily covered by aphids and coooids with swarms 
of attendant ants. The ants had, their nests so thickly honey-combed in and 
around these cages that their control was found impossible. The parasites 
liberated were destroyed by the ants before they could settle down on plants 
for parasitization. A second trial was made in another cage. Though this 
proved better, it suffered from another type of unexpected handicap. The 
plants being grown in a field cage had to be artificially infested with weevrils. 
The weevils were not available for the j^urpose during October due to the 
absence of any infested cotton crop in the vicinity. Therefore, adults bred 
from alternate host plants like Trmmfetta were introduced into the cage for 
infestation. It was found later that such adults (though of the same identical 
species) did not readily take to cotton ; and only very poor ovi])()sition had 
taken place with the consequent scarcity of suitable grub stages in the plants 
at the tiipe of parasite releases. Pest infeKstation and parasite releases were, 
however, carried on continually for some more time. All plants that indicated 
weevil attack externally were pulled out and examined for parasite. The 
results obtained, despite the handicap, were of sufficient significance. 


Table XIII 

Parasite releases and recoveries 



No. of 

! 

Percent- 

PiTcentago of 
pa rasit ism basex 1 
on 

1 

1 

Mumlier 

of 

i 

i 

1 

1 

i 

Month 

plants 

examin- 

ed 

age of 
plants 
attack- 
ed 

Pest 

stago'. 

1 

j Total 

1 infesta- 
; tion 

])araBites 

liberat- 

ed 

RerriiiricH 

November 1937 . 

12 

91-7 

58 -3 

38-9 

121 

Live and dead 

December 1937 . 

12 

1 

1 

91-7 

20-0 

6-3 

48 

stages wore 
only 5 in 
! all 

January 1938 . < 

14 

100-0 

21-4 

17-6 

23 

1 

February 1938 . j 

6 

100*0 

60 • 0 

33-3 

1 

4 

! 

Total . 1 

44 

95-9 

31-5 

22-1 

196 

Average p(^r- 

i 




! 


centage of 

infestation 
and parasi- 
tism 


The data recorded above show that the percentage of parasitism as per 
live and dead stages varied from 20 — 60 per cent with an average of 31*5 
per cent for the entire lot. The live stages were rare due to light infes- 
tation. This level of recovery has to be deemed encouraging in the case of 
a stem^borer. It is clear that provided adequate releases are made at the 
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proper time under favourable conditions, the parasite will work effic?ieiitly. 
These experiments, however, call for more trials in view of the many points in 
favour of this parasite. Its life-cycle is only a fourth of the period taken by 
the host and it can, therefore, complete not less than three generations by the 
time the host completes one. It is not wasteful in egg-laying and it cjhooses 
only healthy grubs. The average egg-laying capacity of ibho para iitc (22-24) 
is nearly equal to that of the host (about 24 eggs). The sex-ratio ; are nearly 
equal which will enable the parasite easily to overtake the pest. It has no 
hyper-parasite and can tide over off-seasons by living on tlie two alternate 
hosts. Besides, it can by itself live long in nature. It occurs in most localities 
where the pest is found and at a critical time when the first brood of the pest is 
developing. The low parasitism of 1 per cent reciordcd under field comlitions 
has to be ascribed to a multiplicity of fixotors. A certain proportion of hosts 
is always inaccessible due to their concealed habits. Tliis is ovei come to some 
extent by the presence of a long oviyiositor in the parasite. Another is the 
choice of victims being restricted to medium and mat lire host-gnibs and it may 
be that only a fraction of the grulis arc sufficiently fiir advanced for their 
acceptance. This is partly got over by the prolonged grub period and the 
uneven development of the hosts which makes tlie host-grubs available almost 
throughout the season. Again, tlie host-grubs lie soartered in different plants 
located at distances. Tliey can be reached liy the small jiroportioii of winged 
forms. It can also be remedied artificially by hirge releases. Notwithstand- 
ing these advantages it is possible that its biotic potimtial may be low under 
field conditions. 

The imported species, Spathius vulnificus, was, as stated already, amen- 
able tp rearing in tlie laboratory. At one time a fiiir number of adults was 
available and a small number (aliout 77 consisting of 71 females) was liberated 
in a cotton field but no recoveries could be made. 

UI. Present position of the problem and conclusions 

The present investigation, covering a short period of three years, has not 
reached a stage when the possibilities or otherwise of controlling Pempherulus 
by natural enemies can be definitely declared. Its biology, geographical dis- 
tribution, alternate food plants, original home and natural enemies have been 
studied. The first infestation of cotton is due to weevils, emerging from its 
weed hosts and wild food plants near cultivated areas. It is noted tliat the 
insect hm only recently become a major pest of cotton in south India which 
it probably began to attack about 25 — ^30 years ago. Previous to this, the 
weevil probably confined its attack to wiki food plants like TriumfeUa rhom- 
hoidm, Sida acuta, etc. and its numbers are supposed to have been controlled 
by the action of the set of parasites assocuated with them in this wild habitat. 
The introduction and extensive cultivation of Cambodia cotton and its con- 
tinued expansion in areas and intensity resulting in vast ‘ monocultures * 
provided the weevil with a new domain, having an inexhaustible supply of 
food. Its conditioning in this variety gradually adapted it for attacking other 
varieties, such as country cottons. The weeviPs habits have also adjusted 
themselves to the altered environment. The parasites of the weevil in its 
natural and wild habitat failed to accompany the same successfully into the 
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cotton fields. But the abundance of weevils in cotton may not be entirely 
due to the absence of parasites, A partial study of the physical ecology of the 
weevil suggests that extremes of climatic conditions in south India are not 
sufficiently great to offer an effective check on its multiplication as in other 
parts of India, It looks as if a series of years of severe drought may cause a 
serious reduction in the population of the weevil by the partial destruction of 
its wild host plants. On the other liand, a series of seasons with heavy rainfall 
would appear to produce more favourable conditions for its increase. 

Experiments on pests like stem-borers necessarily require a good many 
years before definite results emerge. A considerable volume of precise know- 
ledge on these aspects has, however, been accumulated now but these studies 
have only covered the essential preliminary stages. Many vital aspects on 
the biology of the pest still await investigation. The studies of alternate food 
plants of the weevil have reached a stage when the main problem of their 
attraction and nutrition can be proceeded with. A further study of the para- 
sites discovered in association with cotton and other food plants has to be 
made. The exact relation of the few known enemies to the pest and their 
individual rdles in the host-parasite complexes call for further study. Parti- 
cular attention may be directed to two lines of investigation which seem to be 
of special interest. Mass-multiplication of parasites associated with cotton 
and their liberation at suitable times may effect some measure of control. 
The second is the colonization of parasites (associated with alternate host 
plant?) in cotton fields. The percentage of paravsitism in nature is low but it 
is important since this small force of parasitic element is an essential factor in 
maintaining an equilibrium in nature. It is reasonable to suppose that (Km- 
servation, multiplication, and liberation of parasites in fields, will at least act 
as an auxiliary agent in pest-control. 
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(With sovon text-figures) 

I N parts V — VII of this series [Mitra, ll)3h ; Mitra, Mukherjee and 
Bagchi, 11)40 ; Mitra, 1940] several features of the acid character of 
hydrogen clays have been discnissed. Parts V and VT mainly dealt with varia- 
tions of the total neutralizable acid, that is, the base exchange capacity, under 
different conditions, and the (diaractei'istins of the titration curves have been 
discussed in part VII. The following aspects of tlie relation of the acid charac- 
ter of hydrogen clay with some problems of soil scien(^.e are discussed in this 
part : — 

1. Regular, specific and mixed cation effects in the intei'action of hydrogen 
clay witli neutral salts and bases. 

2. The liberation of alununium from hydrogen clay by neutral salts. 

3. The role of cation effects in the estimation of the base exchange capacity 
of hydrogen clays and soils. 

4. \^ariations in the form of the titration curves of entire hydrogen clay 
and hydrogen bentonite fractions of several Indian soils and bentonites*j*. 

5. Variations in live properties of sub-fraction.s of the entire hydrogen clay 
fraction, of a soil. 

6. Alterations in tlie properties of hydrogen clay on the removal of free 
inorganic oxides contained in it. 

* Tiio roRults given in tliis ]>aper havt> boon taken from the published Annual Reports 
for 1934-35, 1935-36, 1936-37, 1937-38, and 1938-39 on the working of a scheme of re- 
seai-ch into the ‘ lh’operti(‘B of Colloid Soil Constituents’ financed by the Imperial Council 
of Agricultural liesoarch, India. 

** Senior Assistant Soil Chemist under the above Bchomo. 

*** Junior Assistant Soil Chemist. 

t Bentonites are formed by the weath(*ring of volcanic rocks and have chemical com. 
position similar to that of soil. Tliey are known to contain clay minerals belonging to 
the montmorillonito grouj) and t hus form an important link in the chain of systems which 
lie between sinijile substanCM s such as SiOg, AbOg, FogOg and standard clay minerals 
on the one hand and the very rRjmpIex hydrogen clays on the other. 

86 



8 ? 


1] NATUftE OF REACTIONS REsRONSIRlE FOR SOIL AClDiTy, VllI 

ExI’EEIMENTAL 

The method of preparation of the hydrogen clays and hydrogen bentonites 
and experimental procedure have been described in part T V [Mukherjee et aL, 
1936], and parts V and VII. Particulars regarding the soils and bentonites 
used and the hydrogen clays and hydrogen bentonites which were obtained 
from them are given in Table I. 

Table I 


Particulars regarding the soils and bentonites used 


Lab. 

No. 

Dofioription of Koil or bontonito* 

Silica- 

sesquioxido 

ratio 

(molar) of 
entire clay 
fraction 

Reference 
number of 
corresponding 
hydrogen clay 
or liyd logon 
bentonite 

13 

Brownitth yrllow soil (iiiimaaurt d) from ( Jo- 
vonirmait Farm, Suri (Bi'iikoI) colli'ctcd 
at a (ieptii of 6-1 2 iiiclp s from A^^rivul- 
tural Chemist ’h (‘xperimental |)lot, lilock 
A M6, plots Nos. 3, 5, 16 


K 

14 

Highland ardd soil from Covernnu^nt Farm, 
Bnrdwaii (IF'ngal) eolt ct^'d at a d< |>tli of 
0-6 inch('B from block B, plot No. 40 of 
the h'arrn 

\ 1 • 94 

F 

20 

Neutral calcareous soil (brown loam) from 
Covernment Seed Farm, Kalyaiijiore 
(U.P.) collected at a depth of t>-6 inches 

2- 10 

H 

25 

Black cotton soil (neutral, calcare ous) from 
Satara (13omba>'), eolleeted at a de|>th of 
0-6 iuchc'8 

2-50 

I 

32 1 

1 Neutral black soil from Bilaspur m ai’ Raipur 
(F. P.). collecb (1 a t a depth of0-6inclu*s 

2-54 

! K 

22 

Bed lateritic soil (acidic) from Ooveriiment 
Farm, Hacea (Bc'ngal) collected at a d<'pth 
of 0-6 inches i 

1 * 99 

L 

34 

I Black soil from Govm’nment Farm, Akola. 

! (Berar) collected at a depth of 0-9 incii* s 

2- HI 

. 

1 M 

33 1 

Bhata red laterite soil from C. P. collected at j 
a depth of 0-9 inches | 

1-88 

N 

46 

Non-latoritic calcareous soil (B-ty})e) from 
Governnumt Farm, Padegaon (Nira, Poona) 
i collect d at a depth of 0-12 in(*hes 

2 -.5] 

Padegaon-B 

51 

Acid soil from Government Farm, Jorhat 
(Assam), collected at a d<‘pth of 0-6 
inches 

2-58 

Jorhat- F 

53 

j Highland acid soil on old alluvium from Go- 
vernment Farm at Latekujan (Assam), 
colltJcted at a depth of 0-6 inelios 

2-47 

Latekiijan-F 

B. 0. 

Bentonite from Hati-Ki-Dhani . 

2-86 

Hati-Ki-Dhani-B 

C» 1 
B. 0. 
C. 3 

Bentonite from Bhadros .... 

2-90 

Bhadros-B 


* The samples of bentonite were kindly supplied by the Assam Oil Company. 
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Results 

1. Regular, specific and mixed cation effecU in the interaction of hydrogen clay 
with neutral satis and bases* 

In parts V and VT [Mitra, 1936 ; Mitra et aL 1940] it has been shown that 
the total neutralizable acid of a hydrogen clay sol, called in agricultural science 
the base exchange capacity (b. e. c.), is, unlike acids in true solution, not a 
fixed quantity but depends on cation effects, tlie and, in some oases, on 
, the time allowed for the interaction with the base. The higher the pH the 
I larger is the b. e. c. The cation effects are illustrated by : (a) the dependence 
of the b.e.c, calculated at the inflexion point and, more strikingly, at a fixed 
(e.g. 7-0), on the cation of the base ; (6) the much larger b.e.c. 

obtained on titration in the presence of, or on leaching by, neutral salts 
than with tlie base alone ; atid (c) the differences observed between the 
effects of various cations of neutral salts. In the absence of salts the b. e. c. 
decreases in the order Ca(()H) 2 > Ba (OH) 2 > NaOH which, however, changes 
to Ba(OH) 2 > (0H)2> NaOH in the presence of a fixed concentration of 
the corresponding chlorides. The differences in the relative effect cfBa^ ”^ 
and Ca+ + ions have been traced to the fact that in the presence of BaC^ or 
CaCl 2 the greater })art of the reaction with the base usually takes place 
between pH 3-5 and 5*5 ; whereas, when no salt is present, the reaction is 
mainly confined within the range of joH 5- 5.-6 *5. In the presence of the salts 
the cation effect is regular in the sense that it follows the lyotro^^e series and 
is deterinined by tlie order of electrical adsorption of cations together with 
their hydration envelopes [Muklierjee, 1922]. At the comparatively sj^eaking 
higher pR values which obtain in the absence of the salts, tlie cations are pro- 
bably adsorbed in a dehydrated state which would account for wdiat has been 
called the irregular cation effect operating under these conditions. 

The mixture of tlie sol and salt contains ions some of which are present 
in the intermicellary liquid and othersf are associated with the colloidal parti- 
cles or floes. The incomplete displacement of the ions by the cations of the 
salt is to be referi'ed to tlie balanced nature of the reaction which can be repre- 
sented according to the following simple scheme ignoring complicating fac- 
tors : 

jcia]^ - H+{M+-f A-) ±;; [clayj “ M+(H++A-) 

where M+ and A"” are respectively the cation and the anion of the added salt. 
The intensity of tlie back reaction is determined by the total oonoentration of 
H ^ ions in the liquid. When a hydrogen clay is rejieatedly leached with the 
salt solution, the H+ ion concentration of the salt extract rapidly decreases as 
the leaching proceeds, thus favouring more and more the direct reaction. This 
process is also very much enhanced if the salt solution is a buffer having a high 
pH. In the interaction witli a base the back reaction is almost absent, thus 
securing a more comi>lete replacement of the ions by the cations. 

* The work (ioBerib^Ml in this fiection was carried out by Mitra along with others. 
Some results have bet»n. given in part VI. 

I Aluminium ions appear to present in the doubles layer in addition to hydrogen 
ions (set? Bub-section 2). Apart from tliis, the nature of the primarily adsorbed anions 
at id tlie crystal structuro of the particles require to be considered in detail. 
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Other peculiarities of cation eliects, not discussed in the previous parts of 
this seri&s and not clearly recognized by previous workers, have also been re- 
corded in this paper. They are observed when the added salt has cations other 
than those of the base used for the titration. Such mixed cation effects are 
of interest. The soil absorption complex usually coiitains more than one type 
of exchangeable cations and the part they may play, individually and relatively 
to each other, on the base exchange and other reactions of the complex is not 
definitely known. Ionic antagonism effects are well known in colloidal beha- 
viour [Freundlich and Scholz, 1922 ; Muklierjee and Ghosh, 1924]. A study 
of the mixed cation effects may also throw light on observations sucsh as that 
of Renold [1936] who found that a mixed permutite, e.g. a K-Ba-permutite pre- 
pared from a Ba-permutite by treatment with a K-salt, has not the same 
base exchange property as another having an identical composition and amount 
of exchangeable Ba++ and K+ ions but prepared from a K -permutite l-y inter- 
action witli a Ba-salt. 

The cation and the pH effects are illustrated below. 

Table II 

Base, exchange capacily in m. e. hose per WO gm. of oven-dried hydrogen day using 
■ IdaOH, Ba {OH).„ and Ga {0H\ 


NaOU j Ba(OU), j C'a(OH), 

I I 


Systcfm 

At influx, 
pt. 

At p\l 
7-0 

At influx, 
pt. 

At. pH 
7-0 

At in flex, 
pt. 

At?)H 

7-0 

Sol E . 

2-2 (5-4)* 

15-4 

•20-6 (0-0) 

25-0 

21-5 (5-8) 

26-2 

Sol E hO. IJV BaCl, 



23-0(4-0 

>42-4 



SoIE + O. l^CaOl, 



... 


21-2 (4-4) 

40-6 

Sol X+0. NnCl 

Ifl-l (5'0) 

26-4 



... 


Sol Padegaon B . . . . 

57-0 (7-4) 

53*5 

89-0 (8-05) 

74-0 

91 -0 (8-02) 

80-0 

Sol Padegaon-B +0 002 ^ NaCl 

70-0 (8 0) I 

1 63-0 

78-0(8-0) 1 

67-0 

i 

80-0(8-0) 1 

69-0 

Sol Padegaon-B +0*002 JV BaCli 

55-0 7) 

! «8-0 

' j 

67-0(6-1) 

70-0 

63-0(6-1) 

70-0 

Sol Padegaon-B + 0 *002 N CaCl, 

52-0 (5-63) 

; 67*0 i 

67-<)(5-C0) 

70-0 

00-0 (6-05) 

09-0 

Sol Padegaon*B +0 • 10 ^ NaCl 

86-0 (7 -53) 

80 ‘0 

j 90-0(7-2) 

j 

87-0 

t 

90 -0 (7-46) 

85*0 

Sol Padegaon-B +0*10,^ BaClt 

66*0 (5-26) 

114-0 

i 74 H) (5-0) 

i 

i 

j 122-0 

! 

70-0 (5-1) 

116-5 

So! Padegaon-B + 0 • 10 JV CaCl. 

03 -6 (5*80) i 

1 

110-0 

1 

I 

1 72-5 (5 -Ifi) 

1 

i 120-0 

i 

70-0 (5-1) 

116-6 


• The flgiitee In bracketo denote the pH at the Inflexion point of the titration curve. 
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The variations of the b. e. c. recorded in Table II are summarized below ; 


Exporimont 


1. Sol titrated with 
different bases 


Variations of b. o. c. j Inference 

obsi'rved 1 


Ca(OH) 2 > Ba(OH) 2 > ! Irregular, or specific cation effect 
NaOH 


2. Mixture of sol and 
salt titrated with 
the oorresponding 
base 


3. Mixture of Pade- 
gaon-B and a fixed 
cone, of NaCl, BaClj 
or CaCi 2 titrated 
with different bases 


4. Mixture of Pade- 
gaon-B and a fixed 
cone, of different 
salts titrated with 
the same base 


(а) Ba (0H)2> Ca(OH)*> 
NaOH at inflexion 
point of E and at 

7.0 of both E and 
Padegaon-B 

(б) NaOH> Ba(OH) 2 > 

Ca(OH )2 at inflexion j 
point of titration curves | 
of Padegaon-B | 


(c) The inflexion point 
gives a snudler b. e. c. 
of Fadegaon-B and 
BaClj (or CaCl,) mix- 
ture comjjared with 
Padegoan- B itself 

Ba(OH) 2 > Ca(()H) 2 > 

NaOH 


(a) BaCl 2 >CaCl 2 >NaCl 
at pll 7 . 0 


(b) NaCl> BaCljj> OaCI, ' 
at the inflexion point i 
of the titration curve i 


Regular cation effect 


The apparent order Na+ > Ba+ + > 
Ca-t +> is to be referred to the 
much higher jpH at inflexion 
point in the titration curve of the 
mixture of sol and NaCl compar- 
ed with the mixture containing 
BaCl 2 (or Ca0l2). The pH effect 
masks the cation (dfect 

The regular cation (Effect is masked 
l\y the pH effete t as th(‘ inflexion 
point in fh(' titratiem curve of 
the mixtui'(‘ occurs at a much 
lowc^r pH than tliat of tlie sol 

The regular cation efh'ct. Tii(‘ 
smaller b. t*. c. of the mixture of 
sol and 0*1 NBaCi 2 or CaCl, 
obtaim^d on titration with NoOH 
tlian with Ba(OH )2 or Cn(OH)j 
indicates some sort of an ionic 
antagonism bc^twoen the com- 
paratively few Na *^ ions of the 
NaOH and the large number of 
Ba+'t or Ca+ *^ ions of the salt. 
The strong adsorption of the 
Ba+ + and Ca+ ions and their 
capacity to displace H + ions from 
the double layer appf^ar to be 
somewhat inhibited by Na+ ions 
present at a much lower concen- 
tration 

Regular cation efiwt 


Regular cation effect is masked by 
the pH (effect 
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2. The liberation of aluminium jrom hydrogen clay by neutral salts'f 

Aluminium ions are known to ])C set free by tlie interaction of neutral 
sWts with acid soils and hydrogen clays [Paver arid Marshall, 1934], There is 
some difference of opinion regarding the nature of the reaction by which the 
aluminium is liberated. A direct ex(;hange of the Al* ' ions by the cations 
of the added salt has been suggested by some workers [Daikuhara, 1914; 
Kappen, 1916] while others [Page, 1926 ; Wilson, 1929] (xuisider that alumi- 
nium is brought into solution by a secondary dissolution of aluminium oxide 
by the acid generated on the addition of a salt. An exchange of both H+ and 
A1+ + + ions by the cations of the salt has also been jiostulated [Paver and 
Marshall, 1934]. 

The possible sources of these displaced Al ^ + ' ions are : (i) free Al^Oj 
oontainod in the hydrogen clay, {ii) AI+ + ^ ions inside the lattice of the mineral 
constituents of the clay and (Hi) Al ■ * ^ ions present on the surface in (a) a 
primarily or (b) secondarily adsorbed condition. Ahniiinium in all these three 
forms may react witli ac.ids and bases. Toxic {)roperties of acid soils have 
often been attributed to aluminium found in tlie soil solution. There is evi- 
dencie to show that Al ions arc staVile on the surface of colloidal particles 
of aluminium oxide sols at a as liigh as G-() [Mukherjee et al,, 1932 ; also 
unpublkihed work of B. Majumdar in tikis ]al)oratorv]. 

In part Vll of this series it has been shown that at concciiitrations below 
0-()02iV' alkali metal cuitions liberate ])ra(dically no alumiTuum from hydrogen 
clays and consecpiently an excliange of H ‘ ions against the cvations of the salt 
has to be postulated to I'lcoount for the titralable acid of the neutral salt ex- 
tract. The subject has been studied in detail by one of us (B. Chatterjee). 
While a detailed account will be published se|)arately, sonie of Ids results are 
given below. 

Increasing amounts of BaCU were added to liydrogon c.lay H. Table III 
illustrates the relations betweeji (t) the amounts of Al liberated, [ii) the total 
acidity of the clear suixn'nataiit liquid above the coagulurn of the sol and salt 
mixture obtained on centrifuging this mixture in resistance glass containers, 
and {in) the amount of Ba adsorbed by the hydrogen (*lay. 

Table III 


Relation betiveen the Al liberated, the total acidity oj the supernaiant liquid 
arul the Ba adsorbed by the hydrogen clay 
(50 c. c. of sol taken for each experiment ; time of interaction 24 hours) 


i 

ni. 0 . 

[>(‘r 100 gm. colloid 

Concentration of arld<‘<i BaCb j 





IJisnlatit'd 

Displaced 

Adsorbed 


Al 

acid 

Ba 

001 ig 

'I- 1 

11*4 

11*1 

0 02jV 

4-9 

11*9 

12*7 

0 04 jN 

8*2 

14*4 

15*2 

0 09 JN 

12*G 

17*0 

18*5 

1*00 jyr 

22*0 

22*0 

24*0 


t The work discussed in this section was carried out by Chatterji'o with the help of 
others. Details will bo published in a separate series of papers. 
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As the concentration of the salt increaseB more A1 is liberated and at a 
concentration of 1*0 A^, the liberated Al, the adsorbed Ba and the total acidity 
all have almost identical values. A fair agreement between the total acid and 
the quantHy of Ba adsorbed is observed at all concentrations of the added 
BaCl 2 . It appears from the results that an exchange of both and Al'^ + '^ 
ions for the Ba+ + ions takes place. With increasing salt concentration more 
^+ + 4' ions are exchanged and the exchange of the two ions does not seem to 
be independent, although at very low concentrations of the salt only ions 
are exchanged. 

The view that Al + ^ ^ ions are liberated by direct exchange and not follow- 
ing a secondary dissolution is in harmony with the fa(d that the curves (Fig. 1) 
obtained on plotting (a) m. e. of Al liberated, (h) the free and total acids of the 
clear supernatant liquid and (c) tlie amount of Ba adsorbed, against the con- 
centration of the added BaClg, all have the form of the usual adsorption iso- 
therm. 



ConcentTiit^on of Ba.Cl^(r<) 

Fig. 1 Curves showing the relation between the Al liberated, the free and total 
acidvS of the supernatant liquid and the amount of Ba adsorbed 

The above view is further supported by the following results obtained 
with Padegaon-B which show that the amount of aluniiniurn liberated is 
materially the same, both when the pH of the vsol is allowed to decrease on the 
addition of the salt as also when the pH is kept constant by the use of a suitable 
buffer. 

If the aluminium found in the supernatant liquid were dissolved from the 
hydrogen clay by the acid set free, larger quantities would have been found 
when the buffer was not usrxi. At constant pH also the amount of displaced 
Al steadily increases with the concentration of BaCl,. 
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Table IV 

Al liberated from hydrogen clay with and without the addition of buffer 

With buffer* Without butlor 


Cone, of salt 

pH 

M. (s Al 

(Hsplacf'd 
per 100 gm. ; 

Cone, of BaCIj 

pH 

M. A 

displaced 
per 100 gm 

O-IO JV BaCla f 0 016 
N Na-Ac. 

3- GO I 

20 0 

()■ 10 N 

1 2-57 

i 20-9 

10 iV BaCla-fO *02^ 
Na-Ac. 

3-64 i 

1 

40*9 1 

1 

1-0 N . 

i 2-54 

! 40- 9 


♦ Sodium acetate -j- acetic acid . 

3 . The role of cation effects in the estimation of the base exchange capacity of 

hydrogen days and soils* 

The base exchange capacity of a soil is an extremely ill-defined quantity 
[Hissink, 1935] and concordant results are seldom obtained by different routine 
methods used for estimating it fCrowtlier and Martin, 1925]. The uncertainty 
mainly arises from the difficulty of an unequivocal definition of the amount 
of reactive or excliangeahlo hydrogen (and ahnninium). The variations of 
this quantity are capaj)le of being accounted for by cation effecits formulated 
by us and the equilibrium pH (T tlie solution. The time of attainment of 
equilibrium is also of importance, espe(U:illy in tlieae systems where interaction 
in interfaces or inner surfaces |\Vicgnor, 1035] are involved. It follows from 
theoretical considerations [Mukherjee ct aJ., 1925] that if the concentration 
of cations is high the relative differences ol)served Ijetween them should be- 
come smaller. When the pH is high, its effect may oven override the cation 
effect as previously shovoi. In otlier words, with a sufficiently higli com^en- 
tration of cations and of hydroxyl ions the differemx' in ihe b. e. o. obtained 
using different salts should l)e less and a definite limiting value would be 
obtained indicating the total a-mouiit of reaiTive liydrogcai and aluminium ions 
which are probably present at different affinity levels and remain associated 
with the particles of tlie hydrogen clay. It is assumed that additional com- 
plicating factors, such as the dissolution of tlie particles and exposure of inner 
layers, are absent. A comparative study of some routine metliods of estimat- 
ing the b. c. c. has been made and tlie results including those publislied pre- 
viously [Mitra and Mitra., 1949] are given in Talsle \ . 

Parker’s [1929] and Scliollenberger’s [1939] metliods give nearly the same 
b. e, c. At pH 7 • 0 and normal concentration, the difference between NH4+ and 
ions vanishes, in the titration in jiresence of N Ball 2 up to pH ?•() the 
pH and cation effects are comparable to what obtain in the aliove two methods 
and the values obtained by these three methods mutually agree. Schofield s 

* Tlio work discuBBod in this section lias been carried out by Mitra and 
Mukherjee (S. K.) with the help of others and details an* bting publi.shed in a separate 
series of papers. Part I <>f this series has appeared [Mitra and Mitra, 1940]. 
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method [1933] gives nearly the same result for Latekujan F but about 6 per 
cent higher value for the other hydrogen clay. More marked differences 
have been observed in the case of soils.* 


Table V 

B. e. c. in m. e. per 100 gm. of oven-dried {105°C.) hydrogen clay obtained 

by different methods 


Hydrogen clay 

Titrationt 

with 

baryta in 
presence 

Barker’sft 

niothod 

Scliollen- 

berger’bt 

method 

Bclio- 
tt(‘ld’s| t 
method 

Estimation of cations adsorbed 
on leaching with neutral 
normal solutions of 

or N 
BaCh 


N4TICI 

BaCl. 

CaCl, 

Jorhat-F .... 

33 0 

33*0 

32-0 1 

35-0 

340 

22 0 

20*5 

Latcknjan-F .... 

66-5 

r>4*0 

55-0 1 

55 -0 

5(^-0 

42-0 

40*0 


t To mixtures of tiie liydrogun clay aud N BaCl, contaiiWHl in a series of Jena Klass bottles increasinf? amounts 
of Ba(0{r)a are added ; the mixtures are thoroughly sliaken and kept overniglit ; tiio pH is measured on tlie following 
day and tiie b. e. c. is calculated from the inflexion point of tlie titration curve . 

tt Ba adsorbed on leaching with neutral normal solution of i)arium acetate is displaced on further leaching with 
» neutral normal solution of NF/'I and estimated. 

t WEt adsorbed on leaching with neutral normal solution of ammonium acetate is ('stimated. 
tt The amount of lime taken up from a half- neutral I zmI solution (pH 71) of p-nftropiienol witii tills ba-so is 
estimated. 

The somewhat higher value obtained by Scliofield’s method can be traced 
to the following factors : — 

(a) in this method the eqiulihriinn Ls somewhat higher { 7 - 1 ) and, 
what is more important, the system is always inaintained at this pH where- 
as in Parker’s and Soholienberger’s metbf)ds it has been found that a 
considerable portion of the total leaoliing .solution used has a pH near about 
6‘4 after it has percolated through the liydrogen clay or soil ; the rises 
slowly to 7-0 after the leaching has been continued for some time ; 

{b) a longer time** (16-18 hrs) of interaction is allowed in Scltofield’s 
method than in tlie other methods wliere the leaohing is usually finished 
within 6 hrs ; 

(c) the greater adsorption of Ca++ ions compared to ,Ba+ + and NH 4 + 
ions near about pH 7 • 0 in agreement with the irregular cation effect. 

Ba-* + and Ca++ ions are adsorbed from their neutral normal solutions in 
amounts which are smaller than the b. e. c. determined by tlie methods of 
Parker, Schollenlierger and Schofield (Table V). The amount of NH, adsorb- 
ed from a neutral normal solution of NH 4 (J 1 , however, is in fair agreement with 
this b. e. c. In the metliods of Parker and Schollenlierger the acetates act 
as a buffer so that leaeliing proceeds near about pH 7-(K When barium or 
calcium chloride is used the pH of the medium has been found to be near about 
6-4, i.e. below 7-Oeven after leaching with 500 c. c. of the solution, which 
accounts for the smaller amounts of Ba and Ca adsorbed from their chlorides. 
Using NH4CI, however, the pH rises up to 6-8 and this. is partially, if not 
wholly, responsible for the apjiarently greater effect of the monovalent NH 4 + 
ions. 

"" Unpublished work of Mr S. K. Mukherjee. 

♦* It has been found by Schofield [1933] that on allowing a still longer thno of interac- 
tion a someahwt higher value is obtained, 
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4. Variations in the form of the titration curvejs of the entire hydrogen day and 

hydrogen bentonite fracMon of several Indian soils aiid bentonites^ 

The more general features of the titration curves of hydrogen clays pre- 
pared from the entire clay fractions have been discussed in part VII of this 
series and are briefly stated below : The different strong bases give titration 
curves having different forms. The potentiometric. titration curves with 
caustic alkalis indicate a weak monobasic acid cliaracter (discussed below) 
with an inflexion point which lies between pH’s 7-2 and 8*5. The alkaline 
earth hydroxides, on the other hand, give curves resembling those of a strong 
monobasic acid. The strong or weak acid character, however, is only appa- 
rent and the titration curves reveal several features not ordinarily ex|)ected 
with acids in true solution. For example, the potentionietric and conductr^- 
metrio titration curves with a given base offer entirely conflicting evidence 
regarding the strength of the acid. In contrast to the weak acid character 
of the potentioinetric caustic alkali curves the corresponding (ionducto/netric 
curves show a sharp minimum indicative of a strong acid. On the other hand, 
the alkaline earth hydroxides give a conductometric curve with a flat rounded 
minimum suggesting that a weak acid is being titrated, while as stated above 
the (X)rresj)onding potentionietric curve resembles that of a strong acid. In 
part VII, tliese features, difficult to understand from the classical electroche- 
mical staufl])oint, have been reconciled in the light of the theory of the electri- 
cal double layer and of adsorption of ions as postulated by one of us [Mukherjee, 
1921, 1922J. Apart from tliese and otlicr features of tlie titration curves which 
are common to the hydrogen clays we have studied, there are features which 
are different for different hydrogen cla 3 ^s. Reference to some of tliese has 
been made in part VII. These clifferences are very likely to be useful in the 
chara('tcrizatioii and classification of the soils [Anderson and Byers, 1936] 
and are more fully discussed below. An error may easily he made in forming 
any concdiision regarding the acid character of liydrogen clays in general in 
the absence of observations on a sufliciently large number of them prepared 
from soils of widely different origin and type. Mon^over, the properties of the 
entire clay fraction is an integral of those of the parti(*-les of different sizes of 
which it is composed and a study of the sub-fractions should be of great help 
in the classification of soils. Our work on the sub-fractions has been discussed 
in the next section. 

Figs. 2, 3, 4 and 5 illustrate the diflerent t^ pcs of potentionietric titra- 
tion curves. The curves given in the figures were obtained on titrating hydro- 
gen clays Latekujaii-F, Padegaon-B, F, M, N and K and the hydrogen ben- 
tonitOvS Hati-Ki-I)hani-B and Bhadres-B. 

The NaOH curves are of three different types : 

(a) To the first type belong the titration curves of the hydrogen clay 
E and the hydrogen bentonite Hati-Ki-l)hani-B given in Fig. 2. The curves 
resemble those of a dibasic acid. Tiiev^ have an initial strong acid character 
and a weak inflexion in the acid region. In tliese respects tliere is a resemb- 
lanoo with silicic acid sols [Chatter jee, 19391. Further studies regarding the 
significance of this dibasic character are under wa}^. The second inflexion 
occurs in the neutral to weakly alkaline region. Silicic acid sols do not show 
it in this region of pH. 

f This work was carried out by Mitra, 
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(b) The second type of 
dibasic NaOH curves is illus- 
trated by those of Latekiijan-F 
also shown in Fig. 2. They 
have an initial weak acid cha- 
racter. Similar types of curves 
were obtained on titrating a 
hydrogen kaolinite* prepared 
from a sample of the mineral 
from Singbhura (Bengal). 

(c) To the third type of 
NaOH curves given in Fig. 3. 
belong those of the majority of 
hydrogen clays studied by us. 
The titration curves given in 
this figure are those of hydro- 
gen clays Padegaon-B andN 
and the hydrogen bentonite 
Bhadres-B. The curves resem- 
ble those of a weak monobasic 
acid. 

The SiOa : Ra O3 ratio of 
the hydrogen clays showing the 
first two types of curves are 
2*47 and 1-94. The hydrogen 
clays showing the third type 
of curves have SiO^ : Ra O3 
ratios 1 • 88 and 2*51. It is ap- 
parent that this ratio which 
represents the mass chemical 
composition doe^s not determine 
the form of the titration curve. 



e. p«r 100^. ^ ^ 

Fig. 2. Potentiomotric titration curves of entire 
hydrogen clay and hydrogen bentonite fractions 
having a dibasic acid character 


The Ba {OH)s and Ca (OH)^ curves given in Figs. 4 and 5 are of the follow- 
mg types : 

(a) N and Bhadres-B show an initial rise followed by a buffering charac- 

teristic of weak acids. ” 

(b) The second group shows a comparatively flat initial run followed 
by a more or less sharp inflexion given by strong acids (Padegaon-B and K). 
The majority of the hydrogen clays studied by us show titration curves of 
tins type. Differences are observed in the sharpness of the inflexion point and 
Its location in the pH scale. The inflexion point usually lies between pH’s 
6-5 and 6-3 and, m a few cases, between pH’s 6-3 and 7-0. 

(c) Hati-Ki-Dhani-B shows a strong dibasic acid character which has not 


* Xliipublished work of Mitra. 
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(d) The fourth group shows a definite lowering of pH in the initial 
stages of the titration, e.g. the titration curves of M. This peculiar feature 
for which a simple explanation is dilSicult to suggest has also been observed 
in the titration curves of sub-fractions of M. 



Mt e. fNa.OH loo^. CoMoitJ * 

Fia. 3 Potent iometric titration curves with NaOH of entire hydrogen clay and hydro- 
gen bentonite fractions having a weak monobeisic acid character 

These observations are of a novel nature and are worth following up in 
detail. The complexities we have observed compel the conclusion that our 
current notions about the acid character of clays and soils and mineralogical 
and X-ray analyses independent of electrochemical studies are not adequate 
for scientific purposes. 

6. Variations in the properties of sub-fractions of the entire hydrogen clay fraction 

of a soil* 

The entire clay fraction consists of soil particles of all sizes belo w 2 p 
and according to recent work the fractions containing particles of difierent 
sizes do not always have the same chemical and mineralogic‘.al composition or 

* This work has been carried out by Mitra. Details will be given in a separate 
series of papers 
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base exchange capacity [Marshall, 1935]. The identification of the mineral 
cjonstituents of the sub-fraotions is of considerable interest and several 
well-known physical methods, e.g. X-ray, thermal and optical analyses have 
been requisitioned for this purpose. Valuable information may be obtained 
through the application of the electrochemical technique including a campari- 
son of the inflexion points and forms of the titration curves of the different 
fractions and their base exchange capacities calculated per gramme (Tg) and 
per sq. cm. (Tg) of the external surface. Its importance has not so far been 
recognized. Its usefulness may be further increased by similar studies of 
standard clay minerals.* About 40 sub-fractions of typical Indian soils 
have been examined by us with this object in view. The relation between the 
particle size and the electrochemical properties of colloidal solutions is also of 
considerable theoretical interest. 



n.e. peuocrg. CouoitJ — ► M. e. Ca.( 0 M)^ per 1003. Colloid — ► 

Fio. 4 Different types of potentiometric tit- Fig. 5 Different types of potent iometric tit- 
ration curves with Ba(OH)g of entire hyd- ration curves with Ca. (OH), of entire hyd- 
rogen clay and hydrogen bentonite frac- rogen clay and hydrogen bentonite frac- 
tions tions 

The particle sizes, chemical compositions and b. e. c.’s (Tg and T,) cal- 
culated from the titration curves with NaOH of six sub-fraotions of the entire * 
hydrogen clay fraction of the black cotton soil from Padegaon have been given 
in Table VI, and the titration curves of four of them in Fig. 6. 


♦ 1’he properties of clay minorals are being studied by Mitra. 
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M, e. Ma-OH p«T loo^. Collord 

Fig. 6. Po tontiome trie titration curves with NaOH of sub -fractions of liydrogon clay 

isolated from the Padegaon soil 


Table VI 

Chemical composition and base exchange capacity of sub-fractions of hydrogen 
ebay isolated from the Padegaon soil 


Reference 
No. of 
sub-frac- 
tion 

Mean 

equivalent 

spherical 

microns 

Chemical 

composition on the 
Ignited basis 

Batio exchange capa* 
city 

SiO, 1 
per cent 

AUOa 

per cent 

.. 

F0,O, 

pf>r cent 

M. e. per 
100 gm 

(Tg) 

M. e. per 
sq. cm. of 
surface 

X 10’ 
(Ts) 

1 

M 

69' 3 

19*8 

12*8 

46*6 

230*0 

2 

015 

56*3 

21*7 

17*0 

59*6 

40*0 

3 

0*07 

69*6 

21*6 

14*5 

63*0 

20*0 

4 

003 

64*5 

18*0 

11*4 

63*0 

9*6 

6 

0*018 

66*7 

17*5 ! 

11*0 

1 70*0 

6*5 

6 

<0*016 

60*0 

26*8 

10*6 

i 

40*0 

1 

<2*3 
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The sub-fractions were obtained by graded oentrifugalization — a Sharpies 
supercentrifuge was used — of the entire clay following Ayre's procedure as 
described by Whitt and Baver [1937]. In calculating the particle size and 
the external surface the same density of the different fractions and a spherical 
symmetry of the particles were assumed. The variations in properties of the 
sub-fractions with diminishing particle size may be summed up as follows : — 


Property 

Variations 

1. Chemical composition — 


(o) Percentage of SiOj 

Increasf^s ignoring fractions 1 6 

(6) Percentage of A IjO 5 

Decreases ignoring fractions 1 & 6 

(c) Percentage of FogOa 

Decreases ignoring fraction 1 

2. Base exchange capacity — 


(a) Tg .... 

Increases except for fraction 6 which has 
the smallest Tg 

(6) T8 ...... 

Decreases 

3. Form of titration curves , . 

No marked variations with the possible 
exception of fraction 6 


The variations in chemical composition may arise from (a) isomorphous 
replacements [Marshall, 1935 ; Hendricks et al., 1930] within the lattice of the 
constituent minerals, (6) differences in relative projx)rtions of several types 
of clay minerals and/or inert materials, e.g. ‘ free ’ silica and sesquioxides. 

The fact that the different fractions give more or less the same type of 
titration curves with the possible exception of fraction 6 indicates that they 
contain essentially the same acid material. The isomorphous replacements 
mentioned above would probably give rise to appreciable differences in the 
features of the curves. 

The variations in T, may be referred, at least in j»art, to differences in 
the chemical composition. Fractions 4 and 5, however, have nearly the same 
composition and the variations of T. in their case do not admit of such an 
explanation. The increase in T« of these fractions with the particle size 
signifies that the reaction with the base is not confined to the external surface 
alone but fresh layers axe continuously exposed as the action with the base 
proceeds and/or the particles have considerable internal surfaces where the 
reaction takes place. 

6. Alterations in the properties of hydrogen day on the removal of free inorganic 

oxides contained in it* 

The inorganic colloidal material of soil is associated with varying amounts 
of ‘ free ’ oxides of Si, Al and Fe. A comparative study has been undertaken 
of the changes in (t) the chemical composition, (u) the nature of titration 
curves with bases, and (in) the b.e.o’.s calculated from them consequent on 
treatments aiming at the removal of these free oxides. The methods develop- 
ed by previous investigators are not free from the critioiam that they may 

♦This work has been carried out by Mitra along with others. Details will be pub- 
lishod in a separate series of papers. 
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decompose or alter the nature of the exchange complex proper and may 
not effect a complete separation of the free oxides. It is of interest to com- 
pare the changes brought about by them. Results* given below illustrate 
these changes. 

The hydrogen clay L from the red lateritic soil from Dacca was treated 
by the method of Truog et al. [1936]. The b. e. c.’s calculated at the inflexion 
points of the titration curves of L and its derivative obtained after the 
treatment have been given in Table VIII and the results of fusion analvsis 
in Table VII. 

Table VII 

Chemical composition of the hydrogen clay from the Dacca lateritic soil before 
and after removal of free inorganic oxides 

Chemical com|)osition on thc^ ignited baFi' i 

Hydrogen clay 



810, 

A ] 2 O 3 

1 Fo,03 


per coni 

per cent 

per cent 

L 

51-2 i 

36 0 

12-0 

U 

57-5 

38-0 

! 5-7 


Table VIII 

B. c. c. of hydrogen clay from. Dacca lateriiic soil before and after removal of 

free inorganic oxides 

; B . c. ill m. e. bast' at inflt'xion i>oiiit of titration curve with 

I 

Hydrogen clay i ^ 


i 

NaOH 

Ba{UH )2 

UalOH), 

! 

i 

i 

16-3 (8*2) 

17-5 (71) 

19-0 ( 6 ' 8 ) 

Ld 

24-5 (9*5) 

23-5 ( 9 * 0 ) 

25-0 (O-l) 


The figures in brackets denote the pH values at the inflexion points. 
The b. e. c.’s of have been calculated at the sec^ond inflexion point (see 

below). , -r , r 

The alterations hi properties consequent on the removal of the free 

oxides are very significant. The b. e. c. of La is definitely greater than that 
of L and shows that inert materials having negligible b. e. c. have been re- 
moved. The chemical composition of approaches that (SiO 2 — 55 '45 per 
cent ; AI 2 O 3 — 45-5 per cent) of kaolinite if allowance is made for some iso- 
morphous replacement of Al by Fe. The titration curves of ( Fig. 7) 

♦Obtained with the help of Sankarananda Mukherjee. , , 
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with all three bases have the same form and reveal a weak dibasio acid 
character, a feature also shown by kaolinite**. The titration curves with the 
three bsises of L, on the other hand, have markedly different forms***. 
Further, the b. e. c. of La at the second inflexion point is very nearly equal 
to that of kaolinite. The observations on the whole, indicate that kaolinite is 
the dominant mineral constituent of the clay fraction of the Dacca laterite soil. 



M. e. per Colloid — *• 

Fig. 7. Potentiometric titration curves of hydrogen clay from Dacca lat critic soils after 

removal of free inorganic oxides 

Summary 

1. The base exchange capacity (b. e. c.) of a hydrogen clay is not a 
fixed quantity but depends on the pH and cation effects and in some cases on 
the time allowed for the interaction with the base. The higher the pH the 
larger is the b. e. c. The cation effects are illustrated by (o) the dependence 
of the b. e. c. calculated at a fixed pH on the cation of the base used for the 
titration, (b) the much larger b.e.o. obtained on titration in the presence of 
neutral salts than with the base alone and (c) the differences observed between 
the effects of various cations of neutral salts. In the absence of salts, the 

•♦Unpublished work of Mitra (R. P.) and Mitra (D. K.). 

♦♦•They show the following features : NaOH curve : weak monobasic ; BalOH), 
and Ca(OH), curves : strong monobasic. (See section 4). 
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b.e.c. follows the order Ca(OH) 2 > Ba(OH) 2 > NaOH which illustrates an 
irregular or specihc cation effect in that the relative effects oftheCa++and 
Ba+ ^ ions are in violation of the lyotroj^ series. In the presence of a fixed 
(Xjncentration of the corresponding chlorides the order changes to Ba(OH )2 > 
Ca(OH )2 > NaOH and the cation effect is regular. The differenf^ between 
the relative effects of the Ca"^ + and Ba+ ^ ions in the two cases has been traced 
to the fact that in the presence of the salts the greater part of the interaction 
with the base takes place at a much lower pH, usually between 3*5 and 5*5, 
than when no salt is added. In the latter case, the reaction is mainly con- 
fined within the range of pH. 5*5 to 0*5. 

2. The b. e. c. of several hydrogen clays has been estimated by the methods 
of Parker, Schollenberger, 8(thofield and by titration with Ba(OH )2 in the 
presence of N BaCK and the results discussed in the light of the pH and 
cation effects. 

3. Both H + and Al^ ions are exchanged for the cations of a neutral 
salt on interaction with a hydrogen clay. With increasing salt concentration 
more and more Al^ + * ions are exclianged although at very low concentra- 
tions of the salt only H+ ions are exchanged. The (]uantity of A1 exchanged 
on the addition of a fixed comentration of the salt is materially the same 
both when the pH decreases on the addition of the salt as also when it is kept 
constant by the use of a suita})1e buffer. 

4. Differences have been observed in the form of the titration curves of 

hydrogen clays prepared from the entire clay fractions of several Indian soils 
and their importance in tlie classification and (jharacterization of the soils 
discussed. The NaOH curves are of three ty})es : weak monobasic, which i» 
most common ; weak dibasic ; and strong dibasic. The Ba(OH) 2 ^'Ud Ca(OH )2 
curves are of four types each : strong monobasic, the most common tyj>e ; 
strong dibasics ; w eak monobasic ; and strong monobasic^ but show ing an actual 
low ering of the on the addition of the base in the initial stages of the 

titration. 

5. Hydrv>gen clays pre})ared from six sub-fracitions of the entire (^lay 
fraction of an Indian black cotton soil give nearly the same ty{)e of titration 
curves. With diminishing particle size, the base exchange capacity calculated 
per gramme increases except for the finest fraction but cakailated per sq. cm. 
of the external surface, the b.e.c. diminishes. 

(5. Marked alterations in tlie base exchange caj)acity, (*hemical composition 
and form of titration curves of a hydrogen clay prepared from the entire clay 
fraction of an Indian laterite soil have been observed consequent on the re- 
moval of its free silica and sesquioxides by the method of Triiog and cow orkers. 
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INTERACTION BETWEEN HYDROGEN CLAYS AND 
NEUTRAL SALTS 

I. THE NATURE OP THE INTERACTION RESPONSIBLE FOR THE 
LIBERATION OF ALU.tf INIUM* 
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W HEN a neutral salt is added to a hydrogen clay or an acid soil, an acid re- 
action is developed and the neutral salt extract often contains A1 and Fe. 
There is no unanimity of opinion regarding the mechanism by which A1 and Fe 
are brought into solution. Two theories have been j)ut forward to explain 
the nature of the reaction. The one, advocated by Daikuhara [1914] and 
Kapi>en and coworkers [1916, 1921, 1926, 1929], suggests that A1 and Fe are 
liberated as the result of a simple exchange of these ions by the cations of the 
added salt. The acid developed has been ascribed to the normal hydrolysis 
of the resulting Al- and Fe-salts. The other theory supported by Page [1 926], 
Magistad [1925], Kelly and Brown [1926] and Mattson [1933] assumes that in 
this reaction the main replacement is one of ions by the cation of the 
added salt. The free acid thus formed dissolves aluminium and iron oxides 
contained in the soil or clay. Paver and Marshall [1934] have re(iently investi- 
gated the interaction between neutral salts and hydrogen (;lays. They consider 
that a direct exchange of both H’*’ and Al^**"'^ ions by the cations of the 
added salts takes place and they have postulated that a hydrogen clay is really 
a mixed clay, viz. H-Al-clay. 

The methods for the preparation and purification of hydrogen clays and 
the general experimental arrangements used in this work for the estimation 
of neutralizable acid and the amounts of Ba“^"^ adsorbed were the same as 
described in previous publications from this laboratory [Mitra, 1936 ; Mukher- 
jee, et al, 1937 ; Mitra, et al, 1940 ; Mitra, 1940]. The amount of Al present 
in the neutral salt extract was estimated by means of 8-oxyquinoline using 
the method of Berg [1927]. The free sesquioxides were removed by the 
methods of Tamm [1922] and Truog, et al. [1936]. 

♦The results given in this paper have been taken from the published Annual 
Reports for 1938-39 and 1939*40 on the working of a ‘ Scheme of Research into the Pro- 
perties of Colloid Soil Constituents’ financed by the Imperial Council of Agricultural 
Research, India 

♦♦Assistant Soil Chemist under the above scheme. 
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The following soils were used for this work : 


DoHcription of soil 

Silica-sesquioxide 

1 ratio (molar) of en- 
tire clay fraction 

Reference number of 
corresponding hy- 
drogen clay 

Neutral calcareous soil from Govt. Seed I 
Farm, Kalyaiipore (U. P.) collected at 
a depth of 0 - - 6 in. 

2- 10 

H 

Red lateritic soil (acidic) from Govt. 
P'arm at Dacca (Bengal) collect'd at a 
depth of 0 — 6 ill. 

1 • 91) 

L 

Nondateritic calcareous soil (B-type) from 
Govt. P'arm at Padegaon (Nira, Poona) 
collected at a depth of 0 • — 12 in. 

2-51 

Padi‘gaon-B 

Highland acid soil on old alluvium from 
Govt. P’arm at Latekujan (Assam) col- 
lected at a depth of 0 — 6 in. 

2-47 

Lat('kujan-F 

Black cotton soil (neutral, calcaixous) 
from Satara (Bombay) collected at a | 
fh'pth of () — 6 in. f 

2-50 

1 

1 

. 


Results and discussion 

Relaiion bet'wem the amount of disjjlaced Al, the iiirakible acidity of the filtrate 
and the amount of cation adsorbed 

Iiicreasiiig amounts of were added to hydrogen clay sols H and L 

and estimations were made of (i) the total acidity of tlie supernatant liquid 
above the roagula of the S 0 I 4 niixture, {ii) tlie amount of disj)la(‘ed Al 

and (Hi) the amount of Ba adsorbed. The results are sJiown in Table I. 

The sol and salt mixture was c^entrifuged after 24 hours from the time of 
adding the salt to tlie sob 

Table I 

Amounts of Al displaced by BaCl^ from sols H and L, the titratable acidity 
of the filtrate of sol + BaCl^ mixtures as also the amounts of Ba adsorbed 


Hydrogen 

clay 

Cone, of 
BaClj : 

pH of 
mixture 

pH of 
(‘eiitri- 
fugate 

M.e. p 

Al* in su- 
pf’*rnatant 
liquid 

c^r 1 00 gm. 

Ba 

adsorlK'd 

colloid 



Total acid 
of super- 
natant 
liquid 

H . 

O-OIAT . 

3-41 

3-57 

31 

111 

11*4 


0-02N . 

3-37 

3*50 

4-9 

12*7 

11*9 


0-04A" . 

! 3-38 

3-52 

8*2 

15*2 

14*4 


0-09N . 

3*36 

3’ 35 

12*6 

18-6 

17*0 


1 (W . 

3* 19 

3-33 

22*0 

24*0 

22*0 

L * ' • 

0-02iV . 


3*27 


13*0 

12*0 


0 04JV . 


3-25 1 

io*7 

13*8 

16 0 


1 0 09N . 


3 23 1 

12*6 

17*7 

19-0 


I l-OAT . 


3-05 1 

1 

17-1 

18*8 

19*3 


‘•'Fe could not be detected in the supernatant liquid. 
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At low concentrations of the added salt the total ac dity of the supernatant 
liquid (i.e. exchange acidity) cannot be wholly accounted for by the aiuount 
of Al present. With increasing concentration of BaCl 2 more and moreAl''' ' + 
ions are liberated and at a concentration of I ON BaClj, the liberated Al, the 
adsorbed Ba and the exchange acidity liave nearly identical values. A 
fair agreement between the total a<!idity of the suyiematant liquid and the 
amount of Ba adsorbed is observed. Tlie pH values of the mixtures contain- 
ing 0-02W, 0-()4W, and O-OOW Ba(T 2 <lo not differ widely but the amount 
of Al in the sujjernatant liquid stcaflily increases with the concentration of 
BaClj. It appears that the free a(!id develoy)ed on the addition of neutral 
salts does not play a prominent role in the liberation of Al. A direcd exchange 
of both AI+ + ' and H/* ions for Ba+ ' ions otters a more plausible ex})lana- 
tion. 


Relation between the \^H of the sol and salt niixlure and the amount of 

displaced Al 

Hydrochloric acid is generated in the interaction between the hydrogen 
clay and t})e added BaC^l 2 . In order to examine the extent to whicli Al is 
dissolved by free HCl, normal H(1 was added drop by drop till its pH 
became almost equal to that of ' sol and salt ’ mixture. The amounts of 
Al in the su])ernatant liquids above ‘ sol and Hfl ’ mixtures are given in 
Table II . 


I^ABLE II 

Amounts of Al displaced by IlCl and fiaClo respectively at almost same pH 


Sol 


A! in the suporna- 
/)H of the mixture tant liquid per 100 grn. 

colloid 



8oI and 
Halt 

1 . I 

So] and : Sol and 
acid salt 

Sol and 
acid 

H 

3* 19 

3-07 i 22- 0 

1-9 

I. . 

3'0 

30 ; 171 

10 

Padegaon-B 

2 54 

2-52 40-9 

7*5 


At the same pH tlie amount of Al brought into solution liy HCl consti- 
tutes a small fraction of that liberated by Batd.^. By far the major portion of 
the Al liberated by the neutral salt cannot, therefore, be attributed to any 
dissolution of aluminium oxide by the free aend developed in the salt extract. 
Paver and Marshall [1934] obtained similar results. They found that at equal 
strengths (normality) the amount of Al liberated by BaCI., is almost double of 
that liberated by HCl, 

The addition of the salt to the sol lowers its pH. Experiments were 
carried out in whicdi the (xinoentration of BaCI o was gradually increased but 
the pH was maintained practically constant by using a buffer. Sodium ace- 
tate-acetic acid buffer has been used and the results are given in Table III. 
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Table III 


Effect of pJ? on the liberation of Al by BaCk from sol Padegaon-B 

(pH of the sol (Pttdogaon-B) 3- 70 , colloid content 35’ 1 gra./I > time of interaction 

24 hours) 



With buffer 

1 Without buffor 

System 

! 

Cone, of salt 

pH 

M.e. Al 

p(3r 100 
gm. 
colloid 

Cone, of 
BaCl, 

pH 

M.o. Al 

pcT 100 

gm. 

colloid 

25 c.c. Hol 
“h 

23 c.c. Iniffor 

4* 

2 c.c. JV Bad 2 

0 04iV BaClj 

+ 

0018jVNa-Ac. 

1 

3-70 

10- 0 

0-04Ar 

2*61 

11*4 

25 c.c. sol 

+ 

20 c.c. buffer 
“i‘“ 

5 c.c. N BaClg 

OlOi^BaClj 

0-016iV Na-Ac. i 

i 

3-60 

20-0 

0* ION 

2-57 

20*9 

25 c.c. sol . . j 

25 c.c. buffer 
“f" 

3‘lgm. Badj 

i 

l-ONBaClj : 

+ 

0•02N Na-A<r. 

3- 64 1 

i 

40-9 1 

i 

ION 

2-50 

40*9 


Na"^ ions are introduced into the system along with the buffer. Their 
concentration, however, remains practically (jonstarit and variations in the 
amount of Al liberated should be ascribed to the changing coneontratiou of 
Ba"* ions. Beside^s, the capacity of Na*^ ions to liberate Al luis been found 
[Chatterjee and Paul, 1942] to be very small compared with that ofBa+ + 
ions. Table III shows that the amount of displaced Al increases steadily with 
the concentration of BaCl 2 . At any given (concentration of BaClg, the amount 
displaced is independent of the variation of jpH observed with and without the 
buffer. These observations support the postulate of a direct exchange of 
Al’^+ ions. 

Nations introducied along with the buffer may, how^ever, give rise to 
certain complications. ‘Ionic antagonism’ is known [Preundlich, 1914; 
Freundlich and Scholz, 1922 ; Mukherjee and Ghosh, 1924 ; also unpublished 
work of Mitra] to play an important part in reactions in colloidal systems 
involving more than one type of ions carrying a similar charge. In order to 
avoid these complications, experiments were carried out in which the pH of 
the hydrogen clay and BaCl 2 mixtures was adjusted at a practically constant 
value (3*8) by adding the requisite amounts of Ba{OH) 2 . The results ob- 
tained with sol Latekujan-F are given in Table IV. 
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Table IV 

Af^ounts of Al displaced by BaCl^ from sol Latehijan-F at a constant 
^ pH as also when the pH is not adjusted with Ba {OH),j, 


Sol + BaCl a Sol i- BaCl ^ 4 Ba{OH ) ^ 




M.e. Al 



M.e. Al 

Cone, of Ba t + 

pH 

displaced 

Gone, of Ba + + 

pH 

displaced 



per 100 



per 100 



gm. colloid 



gm. colloid 

0*0016iY . 

' 3-70 

0-63 

0-00162iyr 

3-8 

1-0 

0*0032^/ . 

! 3-54 

2-2 

0-0033 N 

3-8 

1-8 

0-008 isr . . . 

3-40 

4-3 

0-0082 N 

3-8 

4-1 

0-016 iY . . . 

1 3-30 

5-1 

0-0163 N 

3*8 1 

6-2 

0-070 iY . 

1 3-07 

160 

I 

0-0706 N 

3-8 

15-3 


The concentratioa of Ba+ ions does not increase materially on the addi- 
tion of Ba(OH) 2 . The amount of AI liberated at 3*8, however, increases 
with the concentration of the added BaCl 2 and it seems that the pH of the 
mixture is not of much consequ^'^^^’^^ in determining the amount of liberated Al 
at a given concentration of Ba'^ ^ ions. 

7%e effect of removal of the free sesquioxides coriiained in the hydrogen clay on 
the quantity of Al displaced by neutral salts 

If Al were liberated as a result of secondary dissolution of AlgOg contained 
in the hydrogen clay, a decrease in the amount of Al liberated would be ob* 
served on the removal of the free sesquioxides by suitable methods. The 
free sesquioxides of hydrogen clay Padegaon-B were removed by the methods 
of Tamm [1922] and Truog [1930]. The amounts of Al liberated by O-liY 
BaCl 2 before and after the removal have been compared in Table V. 

Table V 

Amounts of Al displaced by O' 1^ BaCl^from sol Padegaon-B before and after 

the removal of free sesquioxides 


System I M.o. AI liboratt'd 

per 100 gm. colloid 

Padogaon-B 20-9 

Padegaon-B (after treatment according to Tamm’s method) . 25-4 

Padegaon-B (after treatment according to Tmog’s method ) . 36 0 


The results show that the amount of Al liberated is not reduced on the 
removal of the oxides. On the contrary, an increase (calculated ])er 100 gm. 
of the residual colloid) is observed. This increase is in agreement with the 
assumption that the amount of active material per 100 gm. increases on the 
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removal of free oxides which are really inert instead of being the source of 
liberated Al. This observation is in agreement with the observed increase in 
the base exchange capacity of hydrogen clay sols on the removal of the free 
sesquioxides by the method of Truog et al. [unpublished worlf of Mitra]. 
When Tamm’s method was used the changes in the base exchange capacity 
were irregular. With some sols an increase was observed, while others showed 
a decrease. This necessitates a systematic study on the effect of the removal 
of the free sesquioxides on the displacement of aluminium. Further work on 
this topic is in progress. 

Effect of time on the amounts of (i) the cation adsorbed, {ii) the exchange acidify 

arid {Hi) the Al liberated 

Kappen [1929] observed that the reaction between an acid soil and a 
neutral salt proceeded so quickly that the jpH measured at definite intervals 
since the beginning of the reaction showed no material variations. This fact 
has been used by Kappen as an evidence against the secondary dissolution of 
Al. The idea of an exchange adsorption mooted by Kappen has been contra- 
dicted by Page [1926] who is of opinion that ‘ there is in the li(iuid phase in 
contact with the soil absorptive material, at any given degree of unsaturation 
of the latter, an equilibrium concentration not only of hydrogen ions, but 
also of aluminium hydroxide, and that both these concentrations increase 
together.’ Paver and Marshall [1934] observed tliat the Al liberated was al- 
most equivalent to the exchange acidity for shorter periods but showed a 
distinct fall later. Tliis decrease in the Al liberated was accompanied by a fall 
in the They consider that in the later stages a small amount of aluminium 
hydroxide was being adsorbed and a corresponding amount of acid liberated. 
In the light of their results tlie effe(d. of time on tlie amounts of {i) Ba adsorbed, 
{ii) the exchange acidity and (Hi) liberated Al has been studied with hydrogen 
clay sols H and I using ()*09iV BaClg- The results are given in Table VI. 

Table VI 


Variations with time in the amounts of (i) the cation adsorbed, (ii) the exchange 
aridity and (iii) the liberated^ Al in the case of sols H and / using O' 09 N BaCl^ 


\ 

Nol 

Tijnf> allowed 

of the 
eentri- 
fugato 

M.e. Al in 
the (Mmtri- 
fugate per 
lOO gin. 
colloid 

M.e. Ba 
adsorbcHl 
}>er 

100 gm. 
colloid 

M.e. 

(‘lumge 

acidity 

per 

100 gin. 

colloid 

H (SiOj/RjOj 

5 mins. 

3*28 

12*5 

18*1 

18*0 

= 2-1) 

30 „ • • i 

3 (Hi 

15 6 

20*6 

23*0 


1 (5 hours . . I 

3*14 i 

13*6 

19*9 

19*1 


24 „ . . 

3*33 

12*6 

18*6 

17*0 


48 „ . . 

3-30 

12*2 

18*5 

17*2 

I(Si0,/R,03 = 2-6) 

5 mins. 

2*75 

26*4 

35*1 

34*0 


30 „ . . 

2*74 

27*5 

34*9 

32*0 


6 hours 

2*70 

26*9 

• . 

34*0 


24 „ . . 

2*70 

1 

1 

26*1 

J 

320 

34*0 
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With Bol H the Al liberated, adsorbed Ba and the acid displaced all in- 
crease at first. A decrease is then obscrv^ed and finally they become constant. 
These results are in agreement with those obtained by Paver and Marsliall 
[1934] who, however, measured only the variations of the amount of Al dis- 
placed and the pll of the salt extract. The amount of the cation adsorbed and 
the acidity developed were not estimated. Their observations do not show 
the initial increase in the amount of Al displaced. The data cited in Table VI 
show^ in addition that the decrease in the amount of Al displaced is not accom- 
panied by a fall in pll nor with any increase in exchange acidity. And it ap- 
pears that the assumption made by Paver and Marshall [1934] of a subsequent 
adsorption of a small quantity of aluminium hydroxide resulting in the libera- 
tion of a corresponding amount of acid is not adequate. A decrease in the 
amounts of (i) displaced Al, (ii) adsorbed Ba and {Hi) the acid disjdaced in the 
later stages suggests that after some time some re-adsorption of ions 

takes place accompanied by a ‘ desorption ’ of the adsorbed ions. 

With sol I no material variations in (i), {ii) and {Hi) with time were noticed. 
This observation is in agreement with that of Kappen [1929]. It appears that 
the* discrepancy in the results obtained by diflcrent workers probably arises 
from the use of different types of soils. The electrocjhemical properties of sols 
H and 1 have also been found to differ in several important points [Mitra, 1940]. 

Summary 

1. The acid liberated on the addition of a neutral salt to a hydrogen clay 
sol cannot be wdiolly accounted for by the amount of Al present in the salt 
extract wdieii low concientrations of the salt are used. I'lie amount of Al 
displaced increases w ith tlie concentration of the salt. 

2. The titratable acid of the BaCL, extract and the a-mount of Ba ad- 
sorbed by the hydrogen clay are in fair agreement. 

3. At the sarne^dl, the amount of Al brought into solution l)y HC\ consti- 
tutes a small fraction of that liberated by BaCl^. Pra(^tically the same amount 
of Al is liberated w hen both the pH of the sol decreases as the result of the 
addition of the salt as also w hen the pH is kept constant by the use of a suitable 
buffer, or by adding the requisite amount of the corresponding base. 

4. The amount of Al displaced does not decrease on the removal of free 
sesquioxides contained in the hydrogen clay but increases. 

5. The time that elapses after addition of the salt to the sol has some effect 
on the amount of Al found in the salt extract. The time effect appears 
to be influenced by the type of soil from which hydrogen clay is obtained. 
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II. THE ROLE OF ALUMINIUM IN RELATION TO THE FREE AND 
TOTAL ACIDS OF HYDROGEN CLAYS* 

BY 

B. CHATTERJEE, M.Sc.** 

AND 

M. PAUL, M.Sc. 

Physical Chemistry Laboratory, University College of Science and Technology, 

Calcutta 

(Received for publication on 25 August 1941) 
six text-figures) 

I NVESTIGATIONS with hydrogen clay sols in this laboratory [Mitra, 1936 ; 

Miikherjee ei a?., 1937 ; Mitra ei al., 1940 ; Mitra, 1940] show that : (i) the free 
acidity of a hydrogen clay sol, calculated from the pR value usually constitutes 
a small fraction (3-10 per cent) of its total neutralizable acid, determined from 
tlie inflexion point in the titration curve with a base, (if) the amounts of acid 
which interact witli different bases are in the order Ca(OH) 2 > Ba(OH) 2 > 
K()H>NaOH, {Hi) the total neutralizable acid of a hydrogen clay sol is greatly 
increased on the addition of neutral salts, {iv) the total acidity of the super- 
natant rujuid al)ove the coagula of the ‘ sol and salt ’ mixture is considerably 
less than that of the suspension as a whole or that of the pure sol, and (r) 
tlie amount of acid displaced into intermicellary licpiid depends on the eleo 
trical adsorbability of cations which is determined [Mukherjee, 1921, 1922] by 
their mobility and valency. 

In the prev ious part [Mizkherjee and Chatterjee, 1942] it has been shown 
that both exchangeaVile and A l + + '^ ions are present on tlie surface of the 
(colloidal particles. The present investigation has been undertaken with a view 
to obtaining definit/e information regarding tlie role of these A1 * ^ ions on 
the free and total acids of a hydrogen clay sol. 

The methods of jireparation and purification of the sols stud tlie experi- 
mental procedure have been desiTibed by Mukherjee and Chatterjee [1942]. 

Results and dtsci^sston 

Features of the titration curves of the sol, of the \sol and salt' ‘mixtures ami their 

clear svpernatani liquids 

The pHentiometric titration curve (Fig. 1) of the sol Latekujan-F with 
NaOH reveals a weak dibasic acid character. The Ba(OH )2 and Ca(OH )2 
curves (Figs. 2 and 3) on the other hand, resemble that of a weak monobasic 
acid. The form of the curve changes when a salt has been added and with 

*The results have been taken from the published Annual Rt^poH>s for 1940-41 on the 
working of a ‘Scheme of Research into the Properties of Colloid Soil C/onstituents* financed 
by the Imperial Council of Agricultural Research, India and directed by Prof. J. N. 
Mukherjee. 

♦♦Assistant Soil Chemist under the scheme. 
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increasing concentrations of the salt the form becomes progressively character- 
istic of a strong acid. The flocculation caused by salts leaves, after some 
time, a clear supernatant liquid whose titration curves (Figs. 4, 5 and 6) have 
forms widely differing from those of the sol and salt mixtures. The initial 
portion becomes steep and merges into a region of noticeable buffering which 
becomes prominent with increasing concentration of the salt. The buffer- 
ing occurs between pH 3 • 76 and S - 0 and merges in its turn into a second steep 
portion showing an inflexion point characteristic of the neutralization point 
of an acid or a base. These features have been observed with solutions of 
aluminium salts [Britton, 1927]. 



f1.IL,. Ojj MtkON per »oo^ CoMoltf — > 

Pig. 1. Potentiomotric titration curves of the sol Laiekujan-F with NaOH 

Relation betwem the total acidity of the hydrogen clay and salt mixture, the total 
aridity of the supernatant liquid and the amount of Al displaced 

Table I recor the total reacting acid of the sol Latekujan-F, of its mix- 
tures and with salts havmg six different concentrations of NaCl and Bad, 
t supernatant hquids and the quantities of displaced Al in the 
supernatant hquids. Similar data for sol H and its mixtures with five 
different concentrations of BaCl, are also given in the same table. 
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Table I. 

Total acidities of sols Lalekujan-F and H and salt mixtures and those 
of their supernatant liquid and the amounts of displaced Al 





M.e. total acld^ per 100 gm. 

M.e.Al 

dis 





ftol 

Concentration of 
Balt (N) 

Sol + 
Balt 

Sol 

Super- 

natant 

liquid 

Ave- 

rage 

placed 

per 

loo gto. 

Aver 

age 

A — b 

a — c 

e—d 




a 

! &♦♦ 

! 

c 

c 

d 

d 




Latekujan-F 

0 0016 NaCl 

30*0 

28*0 

0-18 

0-22 

0*20 

Nil 


2*0 

29*8 

+0-2 


0 0032 


81*6 


0*32 

0-28 

0*30 

0-34 

0*30 

0-32 

3*5 

31-2 

—0-02 


0*008 

i» 

82*0 

M 

0-62 

0*68 

0*60 

0*60 

0*62 

0-56 

0*68 

4*0 

81-4 

+002 


0*016 

n 

32*5 


1-8 

2-9 

1*8.6 

1-20 

1 *26 

1*22 

4*6 

30*6 

+0*63 


0 070 

” 

34*5 

1 


41 


2-68 

2*60 

2*64 

6*5 

30*4 

41 -47 


0*20 

»♦ 

( 44 0 


10-0 


11*0 


16*0 

34-0 

—1-0 

Latekujaii-F 

0*0016 

BaCl, . 

31 *0 

30 

1-4 

1-4 

1*4 

0*60 
0-61 : 

0*63 

1*0 

29*6 

! 

40*77 


0*(K)32 

ft 

82 *0 j 

»* 

3*2 


2*1 i 

2*2 j 

2*16 

2*0 

28*8 

4-1-05 


0*008 

f$ 

38*0 

1 

! 

4-8 


4*3 I 


3-0 

28-2 

4-0-6 


0*016 


34*5 

»> 

7-0 


1 6*1 


4*5 

27-5 

4-1-9 


0*070 

** 

42*0 

.> 

16-0 


1 150 


12-0 

26*0 

4-1-0 


0*20 

tf 

i 

50*0 

- ; 

22-4 

1 

19*0 


20*0 

27*6 

4-3*4 

H 

0*01 BaCl, 1 

1 

33*0 

1 

28-5 1 

11-0 

i 

3*0 

3*2 

3. 

4*5 

21*6 

4 8*3 


0*02 

ft 

35*0 

j 

12 0 


4*9 


6*6 

23*0 

-47*1 


0*04 

ft 

87*6 

>• 

j 

14*4 I 


8*2 


9*0 

23-1 

4-6-2 


0*09 

ft 

43-0 


17-0 I 


12*6 


14*5 

26*0 

-44-4 


10 

ft 

44*0 

i 

** i 

22-0 j 


22*0 


15*5 

22-0 

0 


♦Calculated at the Inflexion ix>lut in the titration curve with conesponding basoa* 
•♦Calculated at the second inflexion point in the titration curve with NaOH. 


The total acidities decrease in the following order : ‘ sol and salt ’ mixture 
(i)> sol (n)> supernatant liquid of the sol and salt mixture {Hi), 

Excepting the lower concentrations of NaCl* in the case of sol Latekujan- 
F and the highest concentration of BaClg in the case of sol H, the total 
acidities of {Hi) are definitely greater than their Al contents. This excess is 
given by the difference between the values under c and d in Table I where it 

♦At the lower concentrations of NaCl the difft^rence between the two quantities is 
within the limits of experimental error. The same holds for 0*2.^ NaCl and the two 
quantities are exactly equal at a concentration of 1 'ON BaClj in the cas'^ of sol H. 
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is shown under c — d. It should be ascribed to hydrogen ions displaced from 
the double layer into the intermicellary liquid. Tlie amount of displaced 
hydrogen ions is not so prominent with Latekujan-F as it is with H. 



M. e. of Ba(O}-0^ pc» ioo<} Coiio'id — 

Fiq. 2. Potentiomctiic titration curves with Ba(OH), of the sol Latekujan-F and of its 

salt mixtures 

The variations in c — d with concentration of the added salt are rather ir- 
regular with sol Latekujan-F. The errors involved in the estimation of c and d 
which are small quantities, especially at the lower concentrations of the added 
salts, are magnified in the difference between them. The quantity c — d for 
Latekujan-F has, on the whole, a tendency to rise -with increasing salt con- 
centrations but it shows a constant decrease in the case of sol H. Unpublished 
work of Mitra from tliis laboratory also shows that the two sols have widely 
different electrochemical properties. This contrast is probably associated 
with the difference between the two soils from which the respective hydrogen 
clays have been prepared ; sol H from neutral calcareous soil from Govern- 
ment Seed Farm, Kalyanpore (United Provinces) and sol Latekujan-F from 
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highland acid soil on old alluvium from Government Farm at Latekujan 
(Assam). 

It is evident from the preceding and also from the work of Mukherjee 
and Chatterjee [1942] that both H+ and A1+ + + ions are present in the 
double layer associated with the colloidal particles and both are displaced into 
the intermicellary liquid on the addition of neutral salts, but at higher con- 
centration of the salt A1 ions form the major constituent. 



Fig. 3. Potentioicotric titration curves witii Cn(OH )2 of the sol Latekujan-F and of its 

salt mixtures 

The increase in the total acidity of a hydrogen clay sol on the addition 
of neutral salts indicates that more ions, A1+ + + and/or Ti+ions, in addition to 
those already present in thej interface are brought into a reactive condition. 
In order to ascertain to wliat extent these ions are displaced in the intermicellary 
liquid or remain associated with the colloidal particles the total acidities of the 
sol, of the ‘ sol and salt ’ mixtures and then supernatant liquids have been 
compared (Table I). The total reacting acids of the ‘ sol and salt ’ mixtures 
and of the supernatant liquid both increase progressively with the gradual 
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addition of a salt. The total acidity of the supernatant liquid, even for normal 
salt solutions is, however, less than that of the sol itself. Obviously all the 
active ions originally present on the surface are not displaced by the salt 
under these conditions. The larger total acidity of the ' sol and salt ’ mixtures 
compared to that of the sol itself definitely shows, however, that additional 
ions having a higher affinity for the surface hav^e been rendered active but 
remain associated with the colloidal particles. When NaCl is the salt used, 
the difference a— -5, (Table I), which gives a measure of the additional amounts 
of ions rendered active, is greater than c, the total acidity of the supernatant 
liquid. In agreement with the weak displacing power of Na+ ions, the amount 
of ions rendered reactive is thus not completely displaced in the intermicellary 
liquid. Consistent with the strong power of displa(*ement of Ba+'*' ions a — b 
is less than ^c. 



n. c. of per loo^ Colloid 

Fw. 4. Poteatiometric titration curves with Na(OH) of the ultrafiltrates of the soil 

Latekujan-F and NaCl mixtures 

In order to ascertain the amount of these ions remaining associated with 
t^ surface m presence of salts the difference a— c, between the total acidity 
of the sol and salt ’ mixtures and that of the corresponding suiiematant 
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liquid has been given in Table I. While a — c is not constant, it does not differ 
greatly on the addition of salts or from the total acid of the sol 
itself. The quantity a~c appears to depend on the displacing power of the 
cation of the salt and an equilibrium between the ions in the interraicellary 
liquid and in the double layer is indicated. 



M, e. CsfOH)^ per Colloid 

Fig. 5. Pofcentiomotri(3 t itration curves witii Oa(OH )2 of the ultrafiltrates of the sol 

Latekuj \n-F and CaCla mixtures 

Summary 

Both and ^ ions are present on the surface of the colloidal par- 

ticles of h> drogen clay, H+ ions constituting a small fraction of the total. Of 
the total amount of these ions a portion is displaced into the intermicellary 
liquid on the addition of a neutral salt, while another poi*tion remains associated 
with the colloidal particles. With increasing salt concentrations more and 
more ions (H“i" and displaced into the supernatant liquid but 

fresh ions are brought into a reactive condition. The amount of ions remain- 
ing associated with the colloidal particles depends on the displacing power 
of the cation. A large reservoir of these ions on the surface is indicated. 
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P’lO. 6. Potentiornetric titration curves with Ba(OIJ)j of the ultrafiitrates of sol 

Latekujan-ir and Ba( Ig mixtures 
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SOILS OF THE DECX'AN CANALS 

II. STUDIES IN AVAILABILITY OP NITROGEN IN SOIL WITH APPLICA- 
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(Received for publication on 16 Au^^ust 1940 ) 

(With two text-figuree) 

T^HE applioatuHi of farmyaxd in inar(3 in oro|) iiroductioii is an eseential 
item in Iiuliaii ayrioultiire and is tin ex(;e|)ti.ori under sucfarc.aiie ^rowing in 
the (tanal zones of the BoniiKyv-I)e(‘.can, whore larg(; quantities of the nianvire 
are fre(|nently used for this (trop. Y(.‘t, in spite of the lono’-esiablished |)raoti(*,e 
of tlie use of farmyard manure in India, comparatively little scientific infor- 
mation is availalilc regardinn; its efluxn^y in sn|>plying available nitrogen 
to crops, or its ultimate elTect in modifying soil jirojx^rties, particulai*ly the^ 
biol( kgical conditions . 

In western countries the (Hmsiderable a, mount of literature available 
on the subject has been reviewed ))y densen [Ihlhl ]. Among reixvnt work in 
India mention may lie made of the investigation of Miikerji and Adshnoi 
[1930] on the rice soils of Raipur ((bntral Provinces). 'fhey have shown 
that the rate of de(X)m position of farmyard manure under submerged i5om- 
ditions ap[)roximates to that under aerobic (*ondition and is higher in a 
medium clay than in a sandy loam soil. Mintiandani [1932] has stn^ssed tlie 
importance of tlie C/N ratios in intluencing^ the mineratization of farmyard 
manures in soils. Bid | I93r>|, working on Die rate of deconij position of added 
organic iviatter (ui the heavy black c<>ttoTi siiil.s of tlie ( iaitral Provinces, tiiids 
that the biological activitie:; are at their best w hen tlie moisture coiiti^nt is 
about half tlie maximum water diolding caqiacitv . Keceutly, Visliwauat h [1937] 
has found lieavy losses of nitrogen ocxnu’ring under field c-onditions at Doini ha- 
tore during the nitrification of added ammonium suljihatc. green manure and 
cattle manure, tlie loss being greatest with amniouiuiu sulpliate. In sjHte 
of the heavy losses there wais no movenumt of nitrogen into the deeper layers 
and there was no moistui’e saturation leading to denitrification. On the 
contrary, it lias been observed in uucropped irrig-ated plots at the SugariTine 
Research iStation, Padogaon funpnblislied data), that, with a. heavy dressing 
of farmyard manure ((>(), 000 lb. per ncro). there w as actually fixation of nitro- 
gen to the extent of 74 per cent over tlie original within six niontlis. I^ut 
there w-as very little nitrifiiaition, tlu^ nitrate levels ol the manured plots 

* Tins ficho'me is paiMy suliRiiiised by th<' Imperial Council of Agricultural Rcsearcli. 

12X 
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being not appreciably higher than those of tlie control during this period of 
experimentation. Similarly, from replicated experiments with cane con- 
ducted at the same station for three years, there is reason to believe that the 
contribution of farmyard manure to nitrogen nutrition of the crop is negligible, 
whereas its beneficial effect in creating a desirable soil-tilth is quite manifest 
in the case of a shallow -rooted cane variety [Rege, 1941]. 

The most impotant aspect of this question, however, is that, in sugar- 
cane farming, where it has been the practice to add heavy dressings of farm- 
yard manure, there would not only be an enormous wuiste of the manure if 
indiscriminately used, but also, according to indications obtained in the 
course of a fertility survey of cane soils in the Deccan, the ultimate effect of 
such a practice would lead to soil deterioration by the widening of the C/N 
ratio under such conditions. The results of the abovc^-mentioned survey 
showed that cane soils showing signs of deterioration, i.e. where more and 
more nitroiren is required every year to produce the same yields, liave in 
the majority of cases higher C/N ratios than the normal fertile soils. It 
was, therefore, felt that the solution of this problem w^ould have an important 
bearing on the economics of cane growing and oii the equally important 
question of the maintenance of soil fertility. 

AcKJordingly, pot-culture experiments w^erc carried out during the years 
1935-37 to investigate fully the availability of the maiuire in different soils 
and its ultimate effect on their feitility status. In the present paj)er this 
question ivill be dealt witfi from the points of view' of moisture (xinditions and 
C/N ratios in one of the soil types w^hich ocaairs at tlie farm. 


Experimental 

Soils and tnammis used 

The soils used in these experiments belong to the group of typical black 

cotton soils w liich overlie the Deccan 'J'rap-- a volcanic formation of basaltic 

rocks. Recently they liave been classified according to the modern genetic 
system [Basu and Sirur, 1938] and the present work deals with the decomposi- 
tion of manures in one of the important soil types — called the ‘ B ' type, a 
brief descriyition of which is given below : — 

The profile 

Horizons Description 

I . Uniform dark grey with a brown shade, interspersed with roots, clay 

loam : 

(a) Large clods, 2-3 in. in diameter. 

(b) Smaller clods J-1 in. in diameter, more friable than above 

II . Mottled horizon, brown intermingled with greyish black, brown pre- 

dominating in lower layers, silt loam. 

III . Reddish laown colour, with white concretions of lime and silicate 

material more compact than above — clay. 

Below . Hard murrurn (decomposed trap). 

The depth of soil above the murnim varies from about 3 to 12 ft. 

Soil cMmcterisiics 

In the present work only the first foot of soil has been used for the experi- 
ment. Some important characteristics of this depth are given in Table I. 
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Table I 

General characteristics of the soil 


(A) Bulk chemical analysis 


ResidiiP 
insoluVilB 
in HOI 
(per cent) 

Soluble 1 

1 sio, 1 

(per cent) j 

i 

i j 

Fe.O, 

(per cent) 

1 

i A1,0* 

(lier cent.) 

1 

OaO :\f«0 

(per c(Mit) : (i>er cent) 

K,0 1 

(Vier (-('lit) 

Nii,0 
(pel cent) 

r,(), 

(])er cent) 

50 j 

j_ 

1 1 

10-40 1 

14 55 1 

7-M 1-4S 1 

0 • 1 10 

j 

0 057 1 

0 075 


(B) OfchiT j)ropcr(,y 


Mechanical nnalysiij 

Exchanpenble bases in. e. jw-r rent 

I 

value 

flaleiiim 

Ctnv 

Iier cent 

snt 

p(*r cent 

, ] 

Cn 

1 

M" K Na 

ill 

water 

in 

iV Kdl 

ca rh( >nato 
l>er cent 

61 ■ 75 

14-75 

44-25 

1 10-87 . 5*96 4 10 

j 8-42 

7-51 

9-01 


The general nature of tlie locally available farmyard manures will be 
seen from Table II where analytical data for seven typical manures and one 
sample of (iompost (i.c. No. 7} ()repared at the Padegaon Farm are given, I'l-e 
farm-yard manures are usually prepared from the waste materials of jowari 
(Andropoqon sorghum) straw left after feeding the cattle, together with their 
urine and dung, while comjjost has been prepared out of sugarcjane trash. 

Tabt.e 1 1 


General analyses of farmyard manures and compost 


Bam pic 

Ace of manure 

on 

ignition 

(’arl»on 

Nltr<»"en 

! HuniU8 

! 1 

Per cent 
; hnrnifled 
i matter 

C/N 

ratio 

pJI in 
water 

No. 

in mouths 

Per cent on air-dry ba.sis 

1 

2 ^ 


4 

5 

6 

7 

8 ! 

9 

1 

! 

29-2 1 

12-15 

0-847 : 

1 

1 6-15 

1 . 

29-4 

14-3 

7-37 

2 

12 

21 -7 

8-61 

0*7:i9 

j 7 . 25 

48-9 

11-7 : 

7-45 

3 

12 

19-7 i 

5-85 

0-582 

i .V4S 

1 

34-0 

10-1 : 

8-12 

4 

10 

26-1 1 

9-98 

0 946 

I 5-72 

: 33 2 

10 6 

! 7-45 

5 

« i 

21 -n I 

6 06 

0-606 

4-91 

1 47-0 

10-0 

1 7-95 

6 

8 

27-5 

7 04 

0-727 

8-63 

71-1 

9-7 

7 • 12 

7 

8 

55 • 1 1 

7-55 

0-811 

6-08 > 

! 53-8 

9 ■ 3 1 

7-20 

8 

24 

11-2 : 

5 17 

0 485 

' 4-77 j 

53-5 ^ 

10 - 7 i 

7-20 


It will be noticed that the (’/N ratios are usually round about 10— -un- 
less the sample is taken too raw as in No. 1— -and the nitrogen content varies 
from 0-48 to 0-95 jrer cent. The per cent humified matter varies from 29-4 
to 71-1 and does not seem to bear any well-defined relation with the age of 
the manure. 
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Technique followed 

The decomposition studies described in this paper were conducted under 
conditions coiTesj)onding to those under alternate wetting and drying of the 
soil as occurs Tinder sugarcane cultivation in the Deccan. Fifteen kilograms 
of air-dried soil were used in this experiment after thorough, mixing of the 
required quantities of manures and distilled water. The treated soils were 
placed in glazed earthenware pots (1 ft. diameter xl ft. height) and packed 
so as to occupy a constant volume in eacdi pot. The pots were then left 
exposed to the atmospheri(j conditions in a room. The pots were weighed 
at regular intervals to find out the loss by evaporation. Representative soil 
samples for the various determinations were taken after thorough mixing of 
the soil. Th(i required quantity of water was added to the soils with jiroper 
stirring and the packing adjusted uniformly in all the pots, (/arc was taken 
to keep the time of sampling, water addition and plating for ba<cterial work 
(jonstant throughout the experiment. Arnmoniacuil nitrogen, nitrate nitro- 
gen, ba( 5 terial number and studies in respiration Avere done on the fresli soil, 
the results being calculated on oven-dry soil by keeping a separate sam])le 
for moisture determination, (/arbon and niti'ogen were determined on the 
air-dried samples and figures are reported on oven-di'y basis. 

The following analytical methods were em]>]oyed : — 

Amrnoniacal nitrogen was determined by c.vti'a,cting tlie soil by "IN K(^l 
at j)\\ 1*0 as re(H)mmended by C. Olsen [Wright, 11)31]. 

Nitrate nitrogen was determined by the i^henol-disulplionic acid method 
recommended by A, 0. A. C. [Methods of Analysis. A. 0. A. 1030]. 

Total nitrogen was d(’termined by the routine K jctidahl metliod using 
the modification of Bal [1925]. 

(/arbon was determined by the Avet (‘ombustion method [Leather, 1907]. 
It was found, however, that de.struction of carbonates w as not complete AA itliin 
the jieriod of I hour using w ater bath. Aftcu* a number of triads Avith the blade 
cotton soils of tlie tract, which are usually highly clayey and ealcareoiis, a 
prolonged period of heating for two hours was found nec^essaiy, however, 
with the precaution of having a IJehig’s condenser attaclicd to the flask 
throughout the Iieating in order to avoid exeessixe concentration of the acid 
mixture. Also, later, during tlie heating of the soil with jiotassium dichro- 
mate, an oil bath at a temperature of 130°C. was resorted to, the aspiration 
being continued for six iiTstcad of fl\'e hours. 

Humus Avas determined by Sigmund’s method, hy extraction AAuth xV/lO 
sodium carbonate [Sigraond, 1927]. 

Numbers of bacteria Accre determined by the jdaie method, usintr the 
agar medium of Thornton [1922] containing I gm., MgSO^. 7Hobo*2 

gm., C^aOl., 0-1 gm., Na(Jl 0*1 gm., KNO 3 0 *r>gni., FoCl^ 0-002 gm., aspara- 
gine 0-5 gm., mannitol 1 gm., agar 20 gm., Avater to 1000 e.c, Tlie quantity 
of agar had to be increased to 20 gm. from the recommended 15 gm. as other- 
wise the medium was not solidifying under the climatic condition here? ; pH 
was adjusted in each case to 7-4 as recommended. 

Ten gm. of the fresh soil sample w^ere shaken up for four minutes with 
250 c.c. of a sterile saline of 0-5 per cent NaCl and 0*05 per cent MgSO^ (sus- 
pension a). Subsequsnt dilutions corresponding to 1/2500 (dilution b) and 
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1/250,000 (dilution c) were prepared from suspension (o) and (/>), respectively, 
by adding requisite quantities of sterile aline, 'riiroughout the ex[)erimcut, 
dilutions (5) and (c) were used for plating, talking 1 e.c. each of the aiiove 
suspensions in sterilo petri dishes and adding to them 10 e.c. lots of sterile 
medium. The petri dishes were incubated for 5 days (whicli wa.s iound to be 
the optimum period) at a temperalure of 35°C. Five replicates were kept in 
each case, the average figure being taken for calculation of the bacterial 
number. I’he standard error rvas found to be within 20 per cent in the majority 
of cases. 

Evolution of 00 ^. — From the ])etiodical .soil sam])les collected from the 
pots, 250 gm. wei'e taken in conical flasks and llic ( 10 evolution measured 
after every 24 hours by absor[)tion in standard baryta solution in I’etten- 
koffer’s tubes by aspiration of a steady stream of C10.,-free air through the 
apparatirs. The C0.2-evolution was followed up for a period of nine days 
dming which it came down to a constant and ra'gligibie level, liie CO.^- 
evolution during tliis nine-day period was then divided Ijy !) to get the daily- 
average, and these figures were entered against the day of sampling for com- 
parison. 

Data and dusoossion 


First series of experiments 

In this experiment tin; decorni)osition in soil of a sanqde of farmyard 
manure (No. 2 of Table 11) was studied witJi the m(.)isture contents of soil at 
fiekl saturation and at half saturation, the moist ure beiiig made up at weekly 
intervals to 44 f)cr c(;nt and 22 per cent re.si)ectively. 'I’he.se moisture levels 
are found to represent , more or less, the average conditions of moisture obtain- 
intr under periodical heavy irrigation usually given to cane, and under the 
nm-mal rainfall in the tract, res]ie(ttively. 'J’he soil used in tliis exiieriment 
was that of a normal fertile soil obtained from an experimental block ori the 
Padegaon Farm and had a carbon/nitrogen ratio ot 14 -9 at the time uf the 
experiment. 

The treatments were as follows 
J. (lontrol soil— no manure. 

*11. Addition of farmyard manure coiTCsponding to 0-3.3 per cent of 
the soil used. 

*ITI. Addition of farmyard manure eorre.sjionding to 1 jicr cent of the 
soil used. 


Periodiial determinations ol' bacterial numbers, ammonia and nitrate 
were conducted every week till 42 days, whereas carbon and total mtropn 
were determined once at the start and again after 200 days m order to allow 
sufficient time for soil changes to take place. 


Nitrogen changes and bacterial numbers 

The araixroniacal and nitrate-nitrogen figures for different periods are 
given in Tables III and IV. 

■^ Th^e'applications of manure work up to 10,000 lb. and 30.000 lb. per acre r.^- 

pectively undor Held conditions. 
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Table III 


Ammaniacal nitrogen in mg. per 100 gm. of air-dry soil under field and half 
moisture saturations in control and farmyard manure treated pots 

(Normal fertile soil) 


Treatment* 

0 

Numlier of days from oominenrement 



1 ^ 

14 

21 

28 

S5 

42 

fF . 

1*22 

1-55 



0(K) 

0*60 

2*69 

3*56 

1*20 

I. No mauuro . . -< 








1h. 

1*22 

0-53 

0-71 

0-73 

0*57 

0*63 

0*62 

fF . ! 

1*22 

1-64 

0-81 

0*76 

2*84 

1*20 

1*08 

n. Farmyard manurc-< 


i 






(0-33 per cent) [.H. 

1*22 

103 ! 

1 

0-71 

0 00 

0*43 

0*68 

0*37 

fF . 

1-22 

1-55 1 

1*25 

0*76 

3*00 

I 1*17 

1*35 

III. Farmyard maimre*< 


1 

I 






(1 per cent) t H. 

1-22 

1-06 I 

0*70 

1 1-02 

0*80 j 

0*67 

0*41 


Field moisture saturation ; H — Hal/ moisture saturation 


Generally speaking, there is more accumulation of ammoniacal nitrogen 
at field-mositure saturation than at half saturation both in control and manured 
soils. The levels of ammonia are not much affected by the addition of farm- 
yard manure excepting on one occasion (i.e. 35th day) when considerable 
lowering in ammonia is observed at field-moisture saturation. 

Table IV 

Nitrate nitrogen in mg, per 100 gm, of air-dry soil under field and half moisture 
saturations in control and farmyard rrumure treated 2 )ots 


(Nonna! fertile soil) 


I’reatment 


0 

7 

Number of daj 

! 

from com 

21 

mcnccmont 

28 

. 

35 

42 

1. No manure . 

fF. . 

0*16 

0*15 

1 1*20 

i 

0*04 

1*06 

0*61 

0*86 

1 

Lh. . 

0*10 

0*10 

; 0*08 

0*07 

0 10 1 

0 14 

0*27 

11. Farmyard manure*^ 

fF. . 

0*16 

0*23 

0*16 

0*21 

0*63 

1 

0*02 

j 

0*82 

(0 *33 per cent) I 

Lh. . 

0*16 

0*20 

1 0*31 

, '0*22 

0*30 

0*36 

1*93 

111. Farmyard manure 

["F. . 

0*10 

0*17 

0*18 

1 

0*23 

0*20 

1*76 

0*96 

( 1 per cent) I 

Lh. . 

0*10 

1 

0*51 

1 0*60 

0*32 

0*35 

0*32 

2*62 


The nitrate contents of soils are also maintained at a higher level at field- 
moisture saturation than at half saturation but, while farmyard manuring 
generally lowers the nitrate at the former moisture level, it raises the values, 
especially on the 42nd day, in both doses of farmyard manure at the latter 
moisture level. 

The relationship between the bacterial number and mineral nitrogen 
(i.e. ammonia plus nitrate) is given in Fig. 1. 
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Although mineral nitrogen shows generally a higher level at field satura- 
tion than at half-saturation moisture in all the treatments, the effect of addi- 
tion of manure is quite different at two moisture levels. Thus while farm- 
yard manuring has helped to raise the mineral nitrogen status of soil at half 
saturation it has affected it adversely at field saturation. This fact is of con- 
siderable importance in the economy of sugarcane farming on the Deccan 
Canals where addition of large amounts of bulky manures is usually practised 
by the cane cultivators, resulting in their great wastes. This non-availability 
of nitrogen in farmyard manures on ‘ B ’ type* of soil has been actually sup- 
ported by experiments conducted at the Padegaon Farm [Rege, 1941]. 

Referring to iFig. 1, it will be observed that the bacterial activity 
as measured by p ate counts indicates a general lowering in the activity by 
addition of manure at field-moisture saturation, whereas increased activities 
are shcAm by this treatment at half-moisture saturation. This clearly re- 
flects the unfavourable conditions created for bacterial growth by’ manuring 
at field moisture. Similar depressing effects of manures on bacterial numbers 
were also found by Mukerji and Vishnoi [1936] while working on the heavier 
soils of Raii)ur, Central Provinces. They have attri])nied it to the formation 
of some to.\ ic product which proves harmful to the bacteria capable of growing 
on Thornton’s agar. 

One interesting thing to be observed in this connection is the fact that 
i?i spite of lower bacterial numbers shown at field moisture the mineraliza- 
tion of nitrogen is quite high when compared v it h figures at tlie half-satura- 
tion moisture. Apparently the more useful ty|)es of organisms which are 
responsible for mineralization of nitrogen must be present in larger numbers 
(or in more reacth'e form) at field moisture but which arc not reflected in 
mere plate counts. 

Now, coming to the relationship between the fluctuations in the mineral 
nitrogen contents at different ])eriods and bacterial numbers, tvs o things must 
be borne in mind, viz. (a) the mineral nitrogen present at any moment in the 
soil is the balance between that which is jwodueed by micro-organisms minus 
the amount taken up by microbial cells ])lm the nitrogen lost by denitrifica- 
tion and loas^'in gaseous forms ; (6) tlie bacterial counts by Tliornton’s plate 
method do not include all the micro-organisms, evspecially the eeUulosede- 
composing bacteria, and thus any relationship observed between mineral 
nitrogen and bacterial number must be of a qualitative nature, with these 
comments we find a fair amount of negative correlations between mineral 
nitrogen and bacterial numbers. At field-moisture saturation the bacterial 
numbers generally rise till 21st day after which there is a fall on the 2Sth and 
35tli day and a rise again. The mineral nitrogen also shoots up on the 28tli 
and 351h day when the bacterial numbers are very low and falls again when 
the numbers rise. At half-moisture saturation the bacterial numbers rise up 
to 28th or 35th day and then attain very Ioav values on the 42nd day. The 
mineral nitrogen which steadily falls with rise in bacterial number, rises high 
only when the number goes dovm verj^ low. This sort of inverse I’elationship 
between bacterial number and mineral nitrogen has also been observed by 

* The availability of nitrogen in farmyard manure in other soil types will be 
discussed in a subsequent paper. 
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Jensen [1931] at Rothamstead, who attributed the lowering of mineral nitro 
gen to absorption by the bacterial cells and its release on the death of the 
microbial bodies n^sulting in higher production of mineral nitrogen in the 
soil. It would be thus evident that in the different treatments, the greater 
the bacterial number |)rior to its attaining the lowest values, the greater will 
be the release of mineral nitrogen at the cessation of the bacterial activity. 
The contrary liehaviour of farmyard manuring on the iiroduction of mineral 
nitrogen (at the cessation of bacterial activity) in the two moisture levels are 
thus clear. , 


Final changes in soil under different treatmenis 

The changes in caibon, nitrogen and C/N ratios in soils w'ere determined 
after 200 days in different treatments and are shown in I'able V. I’he figures 
in brackets indicate the calculated values taking the original values as 100. 

Table V 

Final changes in carbon, nitrogen and OfN ratios in differently treated soil after 

200 days 


Nltroccc per cent | Carbon per cent ' C/N ratio per cent 


Treatments 

Original 

Final 

1 

i 1 

F ' If 

Original 

Final 


Final 

F H 

F 1 H 

Original 

1. No maiiuro . 

0-049 

: 0-050 . 0-049 

0-73 

0-67 ! 0-71 

14*9 

! 13-4 

14-5 


(100) 

,(102-04); (100) 

: (100) 

(91*78) 1 (97*26) | 

(100) 

i (89 -93) 

(97*32) 

n. Farmyard mnniire 

0-0f»l 

' (V0«3 ' 0*058 

1 0-74 

o 

o 

00 

c 

1 14-5 

15-7 

13*8 

(0'38 per cent) 

(100) 

(123-53) (113 -73) 

(100) 

(133*78) (108-11) 1 

(100) 

(108-28) 

(95*17) 

HI. Farmyard nianurr (1 

0 -054 

0(»r)8 0-058 

, 0 - 78 

! 1-15 i 0-84 1 

14-4 

16-9 

14-5 

per cent ) 

(100) 

(125-93) (107 -41) 

(100) 

(147-44) (107-09)! 

(100) 

(117*36) (100-09) 


It will be seen that the nitrogen contents of the control soil remain practi- 
cally unchanged even after 200 days under both the moisture conditions. 
With the addition of farmyard manure (treatments II and III), however, 
there have been increases in nitrogen with both the doses of manure. Since 
the nitrogen-fixing organisms require energy-materials [Waksman, 1931], 
addition of farmyard manure is beneficial as it supplies all the necessary 
energy while undergoing oxidation in the soil. In the present experiment 
it is noticed that there is more gain in nitrogen at field saturation than at half- 
saturation moisture which suggests the possibility of anaerobic bacteria like 
Clostridium pasteurianum taking an active part in these soils. 

With regard to carbon there is only a slight lowering in the values in the 
case of control soil, whei’eas in all the other treatments there is a gain. In- 
crease in carbon is more pronounced at field saturation than at half satura- 
tion. With the addition of farmyard manure, the increases are 34-47 percent 
at field-moisture saturation for the lower and higher doses of manuring 
respectively, while in the case of half saturation the increases are much smaller. 
The question of such increases in the carbon contents of soil due to manuring 
was further investigated in a separate experiment witli different manure 
samples, This is described later. 
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Finally, as a result of lowering in carbon in the control soil, the C/N ratio 
decreases a little, especially at field-moisture saturation. In the case of farm- 
yard manuring, although there are increases in both carbon and nitrogen they 
are almost );>alanced in the case of half-saturation moisture but at field -moisture 
saturation there is an ultimate increase in tlie ratio in both the treatments. 

Second series of experiments 

With regard to the fixation of carbon that was found to take place in the 
previous experiment, a separate investigation was conducted with different 
samples of manure on a second sample of farm soil having a (v/N ratio of 
14 - 35 . The experiment was carried out in flat glass dishes with 200 gm. of 
soil with addition of 2 gm. of manure at 44 and 22 per cent moisture levels, 
respectively, for a period of one month. The soils were not stirred in this 
experiment and exposed to sunlight every day for one hour in order to en- 
courage the algal growth if any. The results are given in Table VI. 

Table VI 

Changes in carbon, nitrogen and CjN ratios in soil with apjdimtion of different 
samples of farmyard manure at two moisture levelsf 


Fai'tnyard muiniro Xo. 1* (0 months;' old) Faruiv.wl manure No. U* (12 months’ old) 


i’eriod 


F 


n 

■ 

F 

! 

i 

11 


('arl)on 

; 

Nltro- ! C/N 

(Jar- 

Nitro Ic/N 

(Jarhon 

Nitro- 1 C’./N' 

Carbon 

Nitro- C/N 



gen ! 

I 


l>on 

geu 1 


gen ! 


! geu 

Original. 

0-84 

0-058 1 14- 

5 

0-84 

! 

00-058 114-5 

0-80 

O-Of)? : 14-2 

i 

0*80 

0-057 14-2 


(100) 

(100) 


(100) 

(100) 1 

(100) 

(100) ; 

(100) 

; (lOO) J 

A montli after 

0'88 

0-004 13f 

2 

0-84 

0-00-2 |l3*5 

0-87 

0-050 ! 15-4 

0-82 

; 0*000 12 *4 


(104-70) (110 -34) 


( 100) 

(100 00) 

(108-75) 

(98-25) 1 

(102 -50)1(115 *79) 1 


Compost No. 7* (8 


10 inonfh.s’ old) 

Farmyard manurf? N( 

X 8* (2 

year’s old) 

Period 


F 

( 


li 


F 


H 


Carbon 

Nltro- IC/N 

Carium 

Nltrt)- |c/N 

Carbon 

: ' 

Nitro- ! C/N 

Cariion 

Nitro- : C/N 



gon 



g<-u j 


gen 1 


gen 1 

1 

Original. . ! 

0-79 

0-057 113-7 


0 • 79 

0'0r>7 |l3-7 

0*77 : 

i 

0*054 1 14*2 

0*77 

i 

0*054 il4*2 

j 

(100) 

(100) : 


(100) 

(lOO) 

(100) ; 

(100) I 

(100) 

(100) 1 

A month after, i 

0*80 

0-063 !l2-7 


0-70 

0*005 111 *7 

1 *02 

0*003 !l0*10 

0*81 

0-059 !i3-7 

1 

(101-27) 

(110-53) : 

(90-20) 

(114-04), 

(132-47) (110-07) j 1 

(105*19) '(109*20) i 


* These numbers refer to those given in Table IT 
t F-.- Field- moisture saturation ; H ~ Ilalf-molsture saturation 

It will be observed that the C/N ratios have gone down to a certain extent 
in all treatments with the exceptions of farmyard manures Nos. 2 and 8 where 
there are slight increases in the values at field-moisture saturation. Looking 
into the individual figures of carbon and nitrogen it will be noticed that in the 
case of soil treated witli a fresh manure (No. 1 , ».e. 6 months old) there is prac- 
tically no increase of carbon but the gains in nitrogen are 10 and 7 per cent at 
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field and half saturation respectively. With manure No. 2 (1 year old, which 
was used also in the previous experiments) increase in carbon to about 9 
per cent is noticed in field -saturation moisture and a gain in nitrogen of 16 
per cent is noticed at half-saturation. Using compost prepared at the farm 
there is practically no increase in carbon under both the moisture conditions, 
whereas gains in nitrogen from 11 to 14 per cent are observed. In the ease 
of soil treated with manure No. 8 (2 years old) there have been 32 per cent 
and 6 per cent increases in carbon in field and half saturation respectively, 
whereas gains in nitrogen are 17 and 9 ])er cent. This experiment shows 
definitely the varying nature of manure samples with regard to inducing 
fixation of carbon and nitrogen. As soil-algae are Icnown to be capable of 
synthesizing complex organic substances from CUo and water in sunlight 
[Russell, 1023], it is only natural to attribute this increase in carbon to this 
source. Further*, recent experiments in the laboratory have demonstrated 
visible algal growth in soils treated only with manure Nos. 2 and 8 at field- 
moisture saturation. 

Third series of experiments 

Two soils were chosen for tliis experiment, having fairly high C/N ratios 
but the carl)on content of one was about three times that of the other. The 
idea of the experiment was to test whether, apart from the question of high 
ratio, the actual amounts of (*arbon and nitrogen affect the decomposition 
of manures in any way. Both these soils had the same history, namely, that 
cane was grown on them for a long time and the yield was falling ofl’ gradually 
during the past years. Both belonged to the same soil type (i.e. B type). 
One of the soils had a ratio of 22-5 (possessing both higher carbon and nitro- 
an contents) while the other had a ratio of 17*3, having low^er carbon and 
nitrogen contents. (It is rather unfortunate that exactly the same ratio was 
not obtainable in these tw^o soils having the same jrast history and belonging 
to the same soil type). The treatments were the same in both the soils, viz. — 
I. Control soil no manure. 

II. Addition of farmyard manure* corresponding to 1 per cent of soil 
used. 

Soils were kej)t at half-moisture saturation by addition of water every 9th 
day when soil samples were also given a thorough stirring by hand. Detailed 
determinations were continued up to a i>eriod of 81 days. In the discussion 
that follows the soil having higher contents of both carbon and nitrogen will 
be referred to as No. 1 and the other as No. 2. 

Nitrogen changes and bacterial numbers 

In Table VIT, the mineral nitrogen contents at different periods for the 
two soils are given. 

It will be observed that the mineral nitrogen contents of soil No. 1 are 
generally higher than those of soil No. 2 in the case of the untreated soils. 
The application of farmyard manure has not resulted in any increase in mineral 
nitrogen in the case of soil No. 1. On the contrary a slight lowering in the 
values is observed at the earlier stages. With soil No. 2, farmyard manure 
has given some additional mineral nitrogen over the control. These results 

* 111 this series the sample of farmyard manure used is the same as No. 2 of Table II 
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will be quite clear from Table VIII where the per cent mineralization figures at 
different periods are given. For the sake of comparison similar figures for 
the normal fertile soil already described under the first series of experiments 
are included. 

Tabee VII 

Mineral nitrogen in tng. per WO gm. of air-dry soil at half-moisture saturation 
for soil Nos. 1 and 2 unth and without farmyard manure deteriorated soils 


Days 


Serial 

No. 

Treatment 

1 

0 

u 

18 

U, 

36 

45 

54 

03 

72 

81 

1 

No Tiiamire .... 

1-46 

1*82 

Im 

1*10 1 1-40 

1-74 

1 - .37 

1-21 

1-27 

0-98 

O-OG 


Farmyard manure (1 per cent) 

1-40 

1 1 

0*78 

()-84 

1 -27 

l-fiO 


1-41 ' 

1 -31 

1-23 

1-2G 

2 

No manure . . . ; 

; M2 

114 

0-72 

1-53 

0-97 1 

0-S5 

0-80 : 

1-02 

0 • 00 

0-71 


Farmyard manure (1 per wait ) . 


108 

1-26 

100 

' 1-22 I 

1 -81 

1-03 1 

1-10 

MO 

0-82 


Table VIIT 

Periodic excess of mirieral nitrogen over the control expressed as percentages of the 
added nitrogen in the form of farmyard manure to fertile and deteriorated 
soils at half-Pioistvre saturation 


Number of days from commencement 


' 0 

1 : 

14 

21 

28 

35 I 42 

Normal fertile soil 

C/N 14 ’9 

O'OO 

i 

12-72 

i 

7-71 

7-31 

1 

7-71 

102 

28 06 





Number of days from 

commencement 





1 0 

0 

18 

27 3G 

45 r>4 

63 

72 

81 

Soil No. 1 

i U-00 

—14 -07 i 

- 4 -33 

—2-08 —2-44 

2-71 

0-54 ; 

3*38 

4 06 

C/N - 22*5 


I 




1 



Soil No. 2 

C/N 17-3 

; 0-00 

; 

—0-81 1 

7'37 

005 3-38 

■ 12 -DO 2-30 

' i 

2-30 

1 1 

3-52 

1-49 


The poor respon.ses of the farmyard manure in the deteriorated soils 
jiossessing higher C/N ratios are at once self-evident. Soil No. 1 in this 
respect is very much inferior to soil No. 2, 

Referring now to Fig. 2 the bacterial numbers show very similar 
fiuctuations in tlie case of both the soils except that at earlier stages soil No. 2 
exhibits mu(*h lower numbers, Generally speaking, farmyard manuring has 
enhanced the bacterial activity in both the soils as was also observed with 
normal fertile soil at half-moisture saturation. The differences in the periodic 
fliictiiationB in the bacterial numbers and mineral nitrogen in the deteriorated 
and normal soils are worth observing (Fig, 1). The sudden release of 
mineral nitrogen is not observed in the case of the deteriorated soils whm the 
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bacterial numbers attain low figures as in the case of tlie normal soil. This 
peculiar behaviour of the deteriorated soils requires further careful studies. 

MIHF.ra’..n. Bap. Ne CoiVA’Qumm. 


HOll. Al.ONK 

Cl 7^) -- 



40 


0 

'IP ir; 


o 

C3 

o 


50 o 
V 


405 


30 ‘ 


20 


10 


Fio. 2. Periodic fluctuations in mineral nitrogen, bacterial numbers and carbon 
dioxide evolution — deteriorated soils 
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Respiration studies 

Respiration studies were conducted on these two soils and the results are 
also shown in Fig. 2. The evolution of carbon dioxide from the control 
soils indicates, on the whole, better microbiological activities in soil No. 1 
than in soil No. 2, which fact is also borne out by bacterial counts. It will be 
apparent that, in general, the periodicity of CO 2 -evolution shows similar 
trends to bacterial activity in both the soils. The addition of farmyard 
manure has, however, shown an initial set-back in figures of CO 2 in both the 
soils, while in soil No. 1 the average production is also lowered by manuring. 
It is, however, difficult to reconcile these opposite facts (i.e. increased bacterial 
ctivity and lowering in COg-evolution by farmyard manuring) unless forma- 
tion of algae within the short period between stirring of the soils with the con- 
sequent absorption of COg is assumed. 

Changes in the soils after 327 days of alternate drying and wetting at kalf-mois- 

ture saturation 

The process of wetting (to 50 per cent of the moisture-holding capacities) 
and drying of the soils in pots with regular periodic stiiTing was continued 
till 327 days to see the ultimate effec^t on the soil. Hie soil samples after this 
period were air-dried and total nitrogen and carbon determined. The results 
calculated on 100 gm. of oven-dry soil are given in Table IX, together with 
the C/N ratios and the per cent increases over the original in brackets. 

Table IX 


Final changes in nitrogen^ carbon and^ CjN ratios in differently treated soils 

after 327 days 



1 

! 

1 


Control 

! 

Farmyard 

manure (1 per 

rent) 

Boll No. 

TreatiTiont ! 

1 

1 

N 

C 

C/N 



C/N 

r 

j 

OriKlnal . . I 

0-067 

ir,i 

22 • 5 

0-076 

1 -64 

>1 6 

I J 


(100) 

(100) 

(100) 

(100) 

(100) 

( loo) 

r 

IFinal . . i 

0 086 

0-00 

11-5 

O'lOl 

1 - 10 

ino 

1 i 

1 i 

(128-86) : 

(65 -.50) 1 

(51-11) 

(132-80) 

(67-07) 

(50 - Ml) 

f 

■ -! 

Original . . i 

0-030 

0-52 

17 3 

0 040 

0-65 

J 6 • 

, 1 

(100) 

(100) 1 

1 

(100) 

(100) 

(100) 

(lot); 


Final 

0-040 

0-66 i 

13-9 

(►-060 

1 0-52 

S- 7 

1 

i 

(163-8) 

1 

(126-8) : 

(80-8) 

(150-0) 

(80-00) j 

; . i 

(53 •30) 


Table IX shows that there are increases in nitrogen even in the control 
soil, the increase being more in soil No. 2 wJiere the nitrogen content at tlic 
start was very low. It appears that, unlike the normal soil these soils 
with high C/N ratios are cajiable of fixing nitrogen even without addition 
of energy material from outside sources. With regard to carbon there is a loss 
in the case of soil No. 1 but in the case of soil No. 2 (where the original carbon 
was low) there is a slight gain. The ultimate result is, however, a lowering 
in tlie C/N ratio in both the soils. (This is more pronounced in soil No. 1 
than in soil No. 2). With the addition of farmyard manure (energy material) 
there is fixation of nitrogen in both cases although the percentage increases 
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are not very much clifFerent from those observed in the control soil. Losses 
of carbon occur in both the soils and the resulting C/N ratios are much lower 
than the original values. Addition of farmyard manure a})pears to be more 
useful in lowering the ratio in the case of soil No. 2. The al>ove ex}>oriment 
suggests the ])ossibility of reclaiming soils liaving high C/N rat io by the simple 
process of wetting and drying with regular bulking of the soil (i.e. light culti- 
vation operations) which may be further helped by the addition of farmyard 
manure in case the soil is poor in both carbon and nitrogen. 

Summary and conclusions 

With reference to the poor response of sugarcane to application of farm- 
yard manure which was observed in the experiments conducted at the Pade- 
gaon Farm, and also, in order to investigate the important question of the role 
of bulky manures in modifying soil fertility under continued cane growing, 
three series of experiments were carried out on an important genetic soil type 
belonging to the broad group of black cotton soils. TJie results are given 
below : 

In the first series the biological responses were studied of a normal fertile 
soil obtained from an experimental block on the farm to the apj)lication of two 
doses of farmyard manure. Moisture was maintained at two levels in two 
different sets of pots, one at field saturation and the other at half saturation, 
apj)roximating to conditions under perennial irrigation and dry farming, res- 
pectively. 

In general, the mineral nitrogen contents of soils at field-moisture satura- 
tion was higlier than those at half-moisture saturation. The application of 
farmyard manure, however, raised the mineral nitrogen status at half-mois- 
ture saturation, while it adversely affected the status at field saturation. 
Bacterial counts taken periodically slmwed lowered bacterial population as a 
result of manuring at field-moisture saturation, while reverse was the case at 
half-moisture saturation. Deleterious effect of field-moisture saturation on 
the mineralization of farmyard manure is thus indicated. 

The changes in carbon and nitrogen status of soils after 200 days were in- 
teresting. Although no appreciable changes were noticed in the untreated 
soil, considerable imvreases, l>oth in (;arl>on and nitrogen, were observed at field 
moisture with the addition of farmyard maiiure, and the resulting C/N ratios 
were raised in botli the doses of manuring. In tlie case of half-moisture 
although slight increases in these constituents wcje noticed, the ratios re- 
mained practically uiiaflected. 

In order to find out whether this increase in carbon due to farmyard 
manure application is a general one, a second series of experiments was con- 
ducted with four samples of farmyard manure at t wo moisture levels without 
disturbing the soils. The results indicated the s|)ecific nature of manures in 
inducing fixation of carbon in soils under such conditions within a short 
period. Further experiments have demonstrated that the presence of algae 
in certain manure samples is responsible for this fixation by their development 
at field-moisture saturation. Thus., samples of manure which were found to 
contain no algae, were unable to increase the carbon contents of soils. 

In a third series of experiments, two samples of soil where cane yields were 
falling and which showed high C/N ratios were taken for study. The 
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availability of nitrogen by the appUcation of farniyard manure even at 
half-saturation moisture was found to be very poor in these soils when com- 
pared to a normal fertile soil having a lower C/N ratio. In spite of increased 
bacterial activity as a result of farmyard manuring in these soils, mineralization 
of nitrogen was found to be defective. This defective mineralization of farm- 
yard manure in these soils requires further careful microbiological studies. 

The final changes in the carbon and nitrogen status of these soils indicated 
the possibihty of ameliorating these soils (by lowering the C/N ratios) by 
repeated wetting and drying in conjunction with regular l)ulking of the soils 
periodically. 
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STUDIES ON INDIAN RED SOILS 

V, FACTORS RESPONSIBLE FOR BUFFER CAPACITIES AND BASE- 
EXCHANGE PROPERTIES 

BY 

S. P. RAYCHAUDHURI 

AND 

P. K. BASURAYCHAUDHURI 
Agricultural Chemistry Section, Dacca University 

(Rocoivod for publication on 20 F» bruary 1941) 

(With thrive text-figures) 

A ll soils possess consulorable hut widely differojjt buffer capacities, which 
means that those substances contain active material whicli tends to 
counteract the changes in the reaction brought about by the addition of liasic 
or acidic substances. Besides, small amounts of dissolved buffering salts 
like phosphates, carbonates and salts of organic acids, both clay and humus, 
act as strong buffers. 

Raychaudhuri and Nandyma/.umdar fLMOJ have shown tliat liuffor 
curves of profile samples of Indian rc^d soils indii^ato a more or loss definite 
inflexion a,t pH 9-8 and frequently a second inflexion either at pH. 2*9 or 
at 4-fi. It was felt dosiralile to oxurniiu^ closely tlie factors which are res- 
ponsible for the inflexion of the buifer curves at these pH values. Profile 
samples of red soils of India., collected from l>iluir, Orissa, Assam and ])art8 
of Bengal have Ixhui used in this work. 1die (diiof liaso-oxchange properties of 
soils, including the pH, air-dry moistiinu total oxcha-ngeal)le bases, degree of 
base saturation, bufftw curves and otlier relatcai properties were determined. 
For the determination of buffer curves tlu^. method devised by Schofield 
[193vl], has l»eon followed. It has lieen pointed out by Raychaudhuri [1941] 
that the study of buffer curves by Schofield's method yields very valuable 
information regarding the nature of soil types. 

Experimental 

Determination of p// 

The pH values at soil-water ratio 1 : 2«5 were determined Kuhn's 
barium sulphate methixl using a Hellige colorimeku’ and also by the quin- 
hydrone electrode method. 

Determination of curbonates 

The determination of carbonates were made with the help of Collin’s 
calcimeter. 

Determinations of air-dry moisture 

The air-dry moisture w as calculated from tlie loss in w eight of 2 — 5 gm. 
of soil heated in an electric oven at a kunperature of 105'^C. for 24 hours. 

137 
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Determination of buffer curves 

A weighed quantity of soil was taken in a 40-c.c. dried test tube fitted with 
an indiarubber stopper and 26 c.c. of the buffer solution were added. The 
rubber stopper was fitted and the test tube was clamped to a rotating shaker 
which was rotated with the help of an electric motor for a period of 16 hours. 
The test tubes were taken out of the shaker and allowed to stand for nearly two 
hours. A measured volume of the supernatant liquid was pipetted off and 
titrated with a standard HCl or lime solution, as the case may be. Tn 
the case of buffer solutions of pH 1-3, 2-9, and 4 • 6, the figures for the uptake 
were corrected for the percentage carbonate present in the soil wherever the 
soil contained measurable amounts of carbonate. 0-0% N organic acid 
(as mentioned in Table I) were prepared which were half-neutralized with 
lime. Table I shows the the results with one soil sample (113p.)* 

Table I 


Uptake of base by soil No. 113p from half-neutralized buffer solutions of acid 
concentrations 0-06N and 0-04N at different pH valties 


Organic acid 


1 0.00 A 

! 

0.04iV 

Monocliloracctic acid . 

. 

, 

2-9 1 

i 

7 i 

—3- 58 

Acetic acid 

• 

• 

4*6 

-0-60 1 

- -0 62 

P*nitropheiiol . . . • 

• 

• 

7*1 

i 

-H-27 

-f-1-30 

Phenol . . . . • 

• 

• 

9* 8 1 

-1-0 -DO 

-t-7-24 


The results in Table I show that within the limits of experimental tirror 
the uptakes of base at the two acid concentrations of the buffer solutions 
are practically the same. 

Determination of total exchangeable base.s 

The total exchangeable bases of the soil were determined by thts method 
of Williams [1929]. The observed figures of the exchangeable bases were 
corrected for the carbonate contents of the soils wherever the soils contained 
measurable amounts of carbonate. A correction was made for the exchange- 
able bases in the reagents employed. 

Determination of saturation capacity at pH 7-0 

The satwration capacities at pH 7-0 were determined by the barium 
acetate-ammonium chloride method of Parker [1929]. 

Determination of organic carbon 

The organic carbon was determined by the modified method of Walklev 
[1935]. ^ 


*Thc pH valiK'H at half-tuaitralizcd points of tlio aci*i.s at tiiosc concentrations would 
be the same following the equation pH =.pKa at the half-noutralize d points of the acids . 
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Electrodialysis of soils 

The soils wore electrodialysed in a tlirocvchambored electrodialysis vessel. 
The substances were kept in the middle chamber and eloctrodialysis was 
carried out until the liquid at the cathode was neutral. 

Results and discussion 

Excluingeahla bases, saturation mpacities and base saturation 

Tiible II shows the m. eq. of exchangeable bases (x), saturation (!aj)aeitieg 
iy) and percentage bfvsc saturation {x/y x 100), calculated on oveu-dry basis. 

Table II 


ExcJtangeable bases in rn. eq. per cent, saturation capacities in in. eq. per cent 

and per cent base saturation 

(Calculated on oven-dry basis) 


Locality | 

1 

8oil No. 

De{)th 

.i: 

! 

I 

.rl i/ X J 00 

pH 

llatlnvaru, Maiiblium, 

81p 

O-lft.Oin. . 

3-58 

0*95 

51 '5J 

4*9 

Bilmr 

82j) 

1 ft. (i in.- 2 It. 

4-33 

8-24 

.52-55 

5*6 


83p 

3 in. 

2 ft. 3 in.— 3 ft. 

5*91 

8-80 

07*10 

5*8 

’ 

84p 

6 in. 

3 ft. Oiii. 4 ft. 

5-lG 

8 '86 

58-31 

5*9 

1 

85p 

1 1 in. 

4ft. Ilia, below 

5*29 

8-45 

62-80 

5*8 

I 

J hiiikartan^i, .Klmnla j 

1 0(>p 

0—1 ft. 

7-00 

11(1 

* ‘ 

4*5 

Town, Orissa 

107 {) 

1ft- 2ft. . : 

(>' 71 

8*07 

77* 39 

4* 8 

! 

lesp 

2 ft.— 8 ft. (iin. 

8- 20 

10* 95 

75*44 

5*3 


loop 

8 ft. (> in. 10 ft.’ 

7- 07 

7- 80 

1 90-04 

5* 9 


nop 

30 a. -50 ft. . ; 

4- 17 1 

4*49 

97*33 

0*8 

Lalgarh, rvlidnn})ur, : 

1 12p 

0 4 in. . 

5- 95 

|n-7 

1 50*85 

5*8 

Bengal 

i 

]13p 

4 in. 3 f t . 4 in . 

5- 99 

9* 83 1 

00*93 

5* 6 

i 

114p 

3 ft. 4 in. 4 ft. 

4- 98 

7* 19 

1 

69* 20 ; 

5* 3 

1 

]15p 

7 ft. 8 ft. 

1 

, 1 

il-83 1 

43*22 ; 

4*5 

C heerap un j i , K h a s i 

124p 

0 — 7 in. . 

1*33 1 

2-9 

55*05 i 

4*0 

Hills, Assam 

1 25]) 

7 in. — 10 in. 

! 

! 3-00 

4 * 06 

; 04*38 

4*0 


126p 

10 in.- 4 ft. . 

I 3*80 

1 4-12 

1 

93- 08 

5*0 


I27p 

i 

j 10 ft. below 

1 0*74 

1 

nd 


7* 2 

i 
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Tho data in Tat)lo II show that in the case of Hathwara (Manbhuni, 
Bihar), the percentages base-saturation increase down tho profile and remain 
fairly constant. In tho case of Jhinkartangi (Khurda Farm, Orissa), the 
percentages base-saturation remain fairly constant down tho profile and then 
increase at greater depths. In tho case of Lalgarh (Midnapur, Bengal), tho 
percentages base-saturation increase down the profile and then decrease at 
greater depth. In the case of soils of Cheerapunji (Khasi Hills, Assam), tho 
xjy values increase regularly as the depth of tjho profile increases. 

Study of buffer curves 

Table 111 gives the data on the in. eq. of base taken up by 100 gm. of 
oven-dry soils at pH values 1*3, 2*9, 4-0, 7-1, 9-8 and 12*6. 

Table III 


M, eq, of base taken up by 100 (jrn, of oven-dry soil at different pH values 


Locality 

Soil 

No. 

IFptli 

pH 

1-3 

pH 

2*1) 

pH 

4-fl 

pH 

7* 1 

1 

J pH 
i 9- 8 

pH 
12- f) 

Hatliwara, Man- 

81j) 

0 — 1 ft. Ciii. . 

0- 1 

u, 

59 

1-4 

9* 8 

13*7 

bhum, Biliar 










S2]) 

1 ft. 6in.— 2ft. 
3 in. 

- 8- 2 

—4* 8 

- J • 2 

0-91 

, 11*5 

17*0 


83p 

; 2 ft. 3iii. 3ft. 
1 6 in. 

- 8' 7 

I--5-0 

1 

i 

1*4 

0*90 

11*8 

21 *5 


84p 

) 3 ft, 6in, --4ft. 

1 Hill. 

|-~7-4 

L 4* 8 

-1*0 

i 0*90 

i 

19- C 

12*9 


85]) 

I 4 ft. 11 ill. 
below 

-- 7-6 

2* 0 

___{). 71 

0-69 

5* J 

13-4 

Jhinkartaiipii, Khur- 
da Town, Puri, 

106p 

0.^-1 ft. 

1-25- 8 

1 

-- 0-07 

I '7' ^ 

25*6 

43*7 

OriBRR 

107p 

1 ft. - 2 ft. . 

-10-7 

—7 0 

i 

—0-56 

, 4-9 

22-3 

34*4 


108p 

2 ft.— 8 ft. t) 
in. 

l~10-7 

— (i* 0 

- 1*4 

; 3*0 

23* 5 

42* 0 


l()9p 

8 ft. 0 

10 ft. 

1-11-4 

1 

7* () 

- 1 • 7 

2*5 

21-3 

25*7 


IlOp 1 

From the dig- 
gings of a 
well 

-11- 1 

—2-8 

i-l«4 

1 

0- 13 

: 4-9 

I 

j 

5-J 

1 

La Igavl 1 , M i diiap ur , 

112p I 

0 — 4 in. 

-11-0 

—5*8 

i~M 

1*8 

12*0 

: 22-4 

Bengal 



1 

! 

i 





113p 

4 in. — 3ft . 4in. 


—S* 7 1 


1*3 

(>*9 

17*6 


1 14p 

3 ft. 4in. — 4ft. 

-7*0 

— ] • 9 

— 0* 18 

0' 89 

4* 1 

14* J 


116p 

7 ft.— 8 ft. . 

—0.9 

— l.G 

—0*11 

1*9 

7*6 

14*9 

Cb eo rap un j i, Khasi 

124p 

0—7 in. 

—2*2 

1 

--0* 82 

0- IS 

1*8 

6*9 

12*5 

Hills, Assam 










125p 

7 in. — 10 in. . 

-6-4 

—3-6 

—0*47 

3*3 ! 

11*1 

18*6 


126p 

10 in,— 4 ft.. 

—6-9 

—3*8 

—1*4 

1*7 

7*0 

17*9 


127p 

10 ft. below . 

~8-9 

—5*7 1 

—4* 2 

1*0 

0*64 

1* 3 
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Tarlk nr - contd. 


\ Soil 

Locality No. 


Nongpoli, KliaBi | 134|) 
and Jaintia | 
n ilia, Assam j 

I 

I i3t;p 
! 1371) 

Uzanbazar, Gau- ‘ 
hati, Assam 

I I40p 
I Hip 
: 14 2 p 
I4:{p 


Babupuni, 

Gaio 

Tura, 

Hills, 

I 52 p 

Assam 


lollp 

1 r) 4 p 

Sultanganj, 

Bogra, 

ir>()|) 

B(‘rigal 


1 57 p 



ir> 8 p 



15 bp 



lt>()p 

Fvhetur 

Road, 

1 1 > 2 }) 


Barind Tract, 

Kajslialii, Bengal ' !<>3p 

; I04p 


D.^ptli 

pH 

1-3 

/>H 

2-9 

0 t)in. 

G-3 

5' 5 

(i in. — 3ft . Gin. 

- -8- 3 

4- 1 

3 f t . G in. 4 ft . 

'»■ 

- 2* 3 

2 in. 

4 ft . 2 in. — G ft. 

— 0- 1) 

4- 3 

()--Gin. 

10-8 

G- 3 

G in. 1 1 ft. 

- 7*2 

4- 1 

lift. IG ft. 

---5* S 

- 2- 3 

10ft. Ix'lovv . 

4 • 3 

- 1-8 

Fronr ti cut- 

- 7 - 1) 

- 2- 4 

ting on th(‘ 



to]) of a 
liiilock 

! 


0 lOin. 

; - 10* 8 

- (0 G 

10 in. - - 2 ft. . 

1 9‘2 

,-5- 4 

2 ft. 4ft. . 

12- 1 

' -S- 4 

0 1 ft . 

;-H - 8 

' 4- S 

1 ft. — 2 ft. 

: s- 7 

' -4* 9 

2 ft.- 4 ft . . 

- I 1 • 5 

5- t) 

12ft. 25 Ft. 

13* 8 

— 5- 1 

25ft.- 30 ft. 

1-1 4- 9 

1- 5 

0-1 ft. !0 

; 9* 1 

5-0 

in. 

1 

1 

1ft. 10 in. 

:-12G 

G- 2 

2 ft. 3 in. 

2 ft . 3 iti.-- 4 

15- 4 

7*8 


ft. 


pH 


/dl 

pH : 

pU 


4' ( 


7 

1 

to 8 i 

12- 

6 

t)- 

2G 

9- 

1 

32 3 

39' 

7 

0- 

48 

14- 

1 

33* 8 

44- 

0 

2* 

0 

15- 

5 

39* 9 

58- 

2 

0- 

19 

8- 

9 

3 1 • t) 

44' 

7 

1* 

1 

3- 

4 

17- 4 : 

2G' 

9 

-0* 

IS 

4- 

7 

15- 2 : 

25' 

G 

0- 

S3 

4- 

G 

13- 2 i 

30- 

5 


18 

1- 

1 

5* 7 : 

8* 

0 

0' 

84 

5* 

0 

IG* 2 

31- 

9 

0‘ 

37 

9' 

5 

I 

33' 0 ; 

1 

39' 

5 

3* 

G 

18' 

2 

1 

■44- 2 

52' 

8 

0- 

5 

15' 

7 

1 

52- 2 i 

Gl' 

/ 

O' 

37 

2' 

4 

13' 7 i 

o o . 

' 2 

0- 

37 

2 

■ 3 

15- 2 

27- 

■ S 

] * 

1 

2 

• 7 

17' I 

22' 

‘ 5 

O' 

7:^ 

1 1 

■ 1 

S' 8 

i 14 

• G 

- O' 

91 1 

• 1 

7- 4 

13 

• 3 

^ 0 

3" 

' 1 

• 5 

1 0- 0 

' 17 

'4 

0 

i • 

) 1 

■ 7 

15*0 

25 

'3 

1 

* 7 

0 

• 74 

i:v 4 

2G 

. 2 


! 


Table III shows that for soil samples Slp-Sfrp (Hathwara Farm, Manlrhum, 
Bihar) betwoon pH ranges 1*3 to 7*1, the buffer capacities of all the soil 
samples are almost equal, but beyond pH 7* l,85p (4 It. llin. below) has least 
buffer action, whilst with soils 81p-S3p, the buffer action increases as the depth 
of the soil sample in the profile layer increases. Soil No. 84p (3 ft. b in. 

4 ft. 11 in.) is intermediate in buffer capacity. 
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For soil samples lOOp-llOp (Jhinkartangi, Khurda Farm, Puri, Orissa), 
the buffer capacities in geuieral decrease as we pass from the toj) layer down- 
wards. At higher pH regions l()8p possesses greater buffer action than 107p. 
With samples 112p-115p (Lalgarh, Midnapur, Bengal), the buffer ca[)acitie8 
decrease as the depths of the profile increase. With soil samj)l(^s 124p- 
127p (Cheerapunji, Khasi Hills, Assam), the top soil 124p has moderate buffer 
capacity whilst soils of intermediate layers 12r)p (7 — 10 in.) and 126p (10 in. — 
4 ft.) possess greater buffer action than top soil. Soil of the lowest layer of the 
profile 127p (10 in. below) possesses least buffer action. With samples 
134p-137p (Nongpoh, Khasi and Jaintia Hills, Assam), the top soil (134p) 
is found to possess the least buffer action, whilst the soil from third layer, 
136p (3 ft. 6 in. — 4 ft. 2 in.), has got maximum buffer action. Soil No. 137p 
(4 ft. 2 in. — 6 ft.) has got almost the same buffer action as that of lllop. The 
buffer capacities of soil samples 139p-141p (Uzanbazar, Gauhati, Assam) 
are almost equal, 142p of the same profile being an exception. With soil 
samples 152p — 154p (Babupura, Tiira, Garo Hills, Assam), 152p (10 in.) 
has got least buffer action, whilst 154p (2 ft. — 4 ft.) has got the maximum 
buffer action. With soil samples ISOp — 160p (Sultanganj, Bogra, Bengal), 
it is found that soil samples from intermedate layers ir)7p (1 ft. -2 ft.) and 158p 
(2 ft.^ — 4 ft.) possess greater buffer action, whilst soil samples from bottom 
layers 159p (12 ft. — 26 ft.) and 160p (25 ft.—SO ft.) possess loss Imffer action. 
With soil samples l()2p — 164p (Khetur Road, Barind Tract, Rajshahi. Bengal), 
the top soil samples 162p (0 1 ft. 10 in.) has got the least buffer action, whilst 

soil samples from 2nd and 3rd layers of the profile, 103p (1 ft. ic in. — 2 ft. 
3 in.) and 164p (2 ft. 3 in. — 4 ft.), possess almost equal buffer capacities. 

The buffer action is due to buffer materials present ir\ the soil and the 
mode of variation of buffer ca|)acity shows the manner of accumulation of the 
buffering materials at different layers of the profiles. Within c(u*tain degree 
of approximations, the soil profiles studied can be classified from the mode of 
variations of buffer capacities at different layers of the profiles into the 
following four classes : 

(1) Cases where the buffer action in general increases down the profile, 
o.g. profiles of Tura (Garo Hills, Assam) and Rajshahi (Bengal). 

(2) Cases where the buffer action in general decreases down tlie |)rofile, 
o.g. profiles of Khurda Road (Orissa), and of Midnapur ( Bengal). 

(3) Cases where the buffer action in general remains constant down the 
profiles, e.g. profile of Gauhati (Assam), 

(4) Cases where the buffer action shows a maximum value at an inter- 
mediate depth of the profile, e.g. the profiles of Cheerapunji and Nongpoh 
(Assam) and of Bogra (Bengal). 

In agreement with the observations made by Raychaudhuri and 
Nandymazuindar [1939], it is found that almost all the buffer curves* indicate 
more or loss definite inflexions at ^>H 9*8 and frequently a second inflexion 
either at jpH 2 • 9 or at 4-6. 

The variations of the buffer values (dBldpH) of the soil samples at 
these pM values [Van Slyke. 3 922] do not show any regularity. 


*Not shown in figures 
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Comparison of pH values of soils ofttained by different methods 

Table IV summarizes the data on the pH values of soils obtained by Kuhn’s 
method, by Quinhydrone electrode cand from the intersection of buffer curves 
with the line of zero uptake of base. 

Table IV 

Comparison of valuer of soils obtained by different methods 


77H by 


Locality 

; Soil 
; No. 

D.‘j)th 

K nhn’s 
int'thod 

: Quinliy 1- 
ron ' 

1 elt>('trr)de 

i 

B offer 
curve 

H athwara, M a 1 1 1 >}i m n , 

81p 

0 — 1 n . 0 in. 

4- 9 

i 

i 5* 55 

5*66 

Bihar 

82p 

1 ft . 6 in. — 2 ft . 

5-0 

1 

5-71 

5-76 


83p 

3 in. 

2 ft . 3 in. 3 ft. 

5- 8 

6- 65 

5*76 


84p 

() in. 

3 ft. «in. 4 ft. 

5- 9 

5*81 

6*35 


85p 

11 in. 

4 0. 11 in. Ixdow 

5-8 

6* 16 

5-6 

Jhinkartan^i, Khurda 

106p 

0 -1ft. . 

4-5 

nd 

4-66 

Town, Pun, Orissa 




' 


107p 

1ft. 2 ft. 

4-8 

5* 92 

1 4*75 


108p 

2 ft. 8 ft. f) in. 

5’ 3 

5- 95 

5-26 


lOOp 

1 8 ft. 6in. 10 ft. 1 

5*9 

6- 18 

5-65 


IlOp , 

From th(^ dig- ; 

G*8 

(>• 58 

6-70 

Lalgarh, Midnapur, 

112p 

gingofa w«‘ll 

0— 4 in. . 

5-8 1 

0-41 

5- 16 

Bengal 






113p 

4 in. — 3 ft. 4 in. j 

5-G 1 

5-81 

1 6-6 


114p 

3 ft. 4 in. -4ft. ! 

1 

5-3 1 

5 *90 

i 6-7 


11 tip i 

7 ft.-^8 ft. . ; 

4-5 

501 j 

1 

6-25 

Cheerapunji, Khaisi Hills, 

124p 

0 -7 in. . . ' 

1 

1 

4-8 ! 

I 

! 

5-24 j 

3-75 

Assam 

126p 

7 in. 10 in. . j 

1 

4-7 I 

5-21 

4-9 


126p 

10 in. — 4 ft. 

5 0 

5-18 

6-06 

1 

127p 

10 ft. below . j 

7*2 

nd 

8-2 
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Tabi.b IV — contd. 




! 

■ 

pll by 


Ltieiility 

Soil 

N o. 

Depth 

Kiilin’s 
met 1 10(1 

Qninhy- 
drone 
eh ‘C trod e 

Buffer 

curve 

Nongpoh, Kliabi and Jain- 

134|> 

0 — () in. 

4- 9 

4-84 

4-8 

tia Hills, Assam 







135|) 

0 in.- 3 ft. 0 in. 

4- 7 

5- 00 

4-4 


I36i. 

3 ft. (iin.— 4 ft. 

4 4 

4-59 

3-8 


137p 

2 in. 

4 ft. 2 in.— 0 ft. 

4*5 

4 ’ 55 

4-7 

Uzaiibazar, Gauhati, 

1 39|> 

0 — C in. . 

5-2 

5-79 

5 1 

Assam 

1 49p 

Oil).- lift. . 

4*8 

5* 29 

4-7 


141, . 

lift.- left. . 

4-8 

5* 22 

4- 1 


142,) 

10 ft. Ix'low 

5*0 

5- 19 

5-7 


143,. 

From a cnit- 

4’ 7 

4-83 

41 

Babupara, Tura, Garo 

152p 

1 ting on t lie toj) j 
i of a hi i look 

0- 10 in. . . 

4' 8 

5 ’ 09 

4-7 

Hills, Assam 

1 






i 153]) 

loin. 2 ft. . : 

4*0 

4-91 

4*3 


154]) 

1 2 ft. 4 ft . . 1 

4-7 

5*29 

41 

Sultanganj, Bogra, Bengal ! 

1 5t3 p 

0 1 ft. . . ; 

50 

0- 55 

5-0 

i 

J57p 

: 1 ft. 2ft. . : 

5-5 

i 6-72 i 

5-2 


joHp 

2 ft. 4 ft. . ' 

5-5 

6 ’ 32 

5 6 


I59p 1 

12 ft. 25 ft. . ^ 

5-7 

0-68 

6‘0 

1 

{ 

ItiOp ! 

2.5 fl. 30 ft. . ; 

5-8 

0-52 

6-2 

Khetur Road, Bariiid i 

102 j) 

0 I ft. 10 in. . i 

5-0 1 

0- 78 

6‘0 

Tract-, Rajshahi, Bengal | 

i 

103}) ! 

1 ft. 10 in. 2ft.; 

i 

0-22 

0- 1 

i 

I 

]04p 1 

I 

3 in. 

2 ft. 3 in. 4 ft. i 

5’0 j 
0-2 j 

0*52 

0-4 


From Mattson’s [1937] point of view the at which the buffer curves 
intersect the line of zero-adsorption should correspond to the ‘ eijui-ionje 
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1 ] 

point \ The results in general show that the values obtained by the 
Kuhn’s method and in general those indicated by the point of intersection of 
the buffer curves with the line of zero uptake of base are both slightly lower 
than those obtained by the quinhydrone electrode method. In general, the 
point of intersection of buffer curves with the line of zero uptake of base corres- 
ponds more closely with the values obtained by the Kuhn’s method than 
with the quinhydrone pH. 

Buffer curves of minerals 

During the course of the present work it was felt desirable to compare 
the values for the uptake of base bj^ the profile samples at different pH values 
with the corresponding uptake by some naturally occiu'ring minerals like 
limonite, bauxite, halloysito, kaolin and montmorillonite (Table V). 

Table V 


Uptake of base in m. eq. per 100 gm, ofmmerals at different pH values 


1 

j 

Minerals 

pH i 
1*3 

pH 

2*9 

pH j 

4*6 1 

i 

- 1 

pil 

7- 1 

0-8 

pH 

12*5 

Bauxit-e 

«-~0-94 

—0-61 

- - 0-26 

H-2-2 

-}-8-3 

+ 18-0 

Halloysite 

— 8*6 : 

--'3-6 

: 

— 2-6 

1 

-|-0*38 

+ 9-5 

1 +34*3 

Kaolin . 

0-00 

1 

-f-4’2 : 

+ 4-2 

4- 4- 5 

+ 7*0 ' 

+ 18*0 

Limonite 


-.l-8 

~..3- 1 

■..-0-8S 

+ 7-5 

1 +11-8 

Mon tmori 11 oni te 

1 

i 

i 

1 

— 1-6 

+ 0-38 

1 

+ 4*5 

1 +10-5 


Fig. 1 shows the nature of the buffer curves obtained. The curves show 
that the mineral halloysito possesses higher buffer capacuties than kaolin 
All the curves are typically S-shaped ones, and show" inflexions at pH 2*9. 
The mineral limonite shows an interesting behaviour in that, contrary to 
expectations, the uptake of base at pH 4* C by this substance is higher than the 
uptake of base at pH 2 • 9. This is probal>ly due to c(>mj)lox sparingly soluble 
iron compounds being formed whoso solubility varies differently with variation 
in pH values. 

Buffer curves of Merck's humic acid 
The results ai'e shown in Table VI. 

Table VI 


Uptake of base in m>. eq- per 100 grn, of humic acid at different pH values 




pH 

pH 


pH 

pH 

- , i 

1*3 

2-9 

4*6 

7- 1 

9*8 

12*6 

1 

Humic acid . ' 

1 

1 

39-7 

—27-9 

+ 53-7 

[ +123*6 1 

+ 268*3 

+ 406-9 
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-8 0 10 22 34 


M- eq. of base taken up by 100 gm. of oven-dry material 
' Fig. 1 

The results are plotted graphically in Pig. 2. The curve shows an 
inflexion at 4-6. Raychaudhuri and Nandymazumdar [1939] previously 
suggested that the inflexion of buffer curves in this region might be due to the 
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presence of free alumina, since at about pH 4-6, alumina tends to go into 
colloidal state. The present observation, however, suggests that this in- 



Fia. 2 


-120 
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flexion at about pH 4* 6 might be due, at least to some extent, to orga,i^o 
matter which is present in the soil. This point requires further detailed 
investigations. 

Comparison of buffer curves by using different alkalies as the adsorbed base 

In the course of the investigation on the inflexion points of the buffer 
curves, drawn with calcium buffers at the three pH values — 2-9, 4-6, and 9' 8 — 
it was thought that the solubilities of the resulting calcium silicates might 
have something to do with the inflexions of the curves. 

The adsorption of base, according to Wiegnor [1931], depends on the 
hydration of the cation, whilst according to the point of view of Mukherjee 
[1922], the adsorbability of cation would be determined by its valency and its 
electrical mobility. According to these hypotheses we would expect the 
buffer capacity of the soil to follow the order of lyotropic series, that is Ca> 
K>Na>Li. 

Table VII gives the data on the relative adsorbabihties of the cations 
Ca and Na for throe air-dry soils (85p, 113p and 124p), at different pH values. 

Table VII 


Uptake of calcium and sodium [os Ca (OH)^ and NaOH] by three soils at 

different pH values 









85p 

113p 

124p 






r 

Ca 

--7-6 

--8* 0 

—2*2 

1'3 . 

, 

, . 


. 

•i 










1 

Na 

—7*0 

—7*2 

—2*0 






rca 

- 2*9 

—3*7 

—8*2 

2*9 . 

, 

. , 

. 

. 











1 

Na 

^31 

—4*7 

—1*6 






r 

Ca 

--0-71 

—0*66 

0*18 

4*6 • 

, 

. * 

. 

. 

\ 










L 

Na 

22 

—0*74 

-0*61 






r 

Ca 

0*69 

1*3 

1*76 

71 . 



, 






1 






L 

Na 

0*22 

0*68 

1-68 






r 

Ca 

6*11 

6*9 

6*9 

9-8 . 

. 

. 


, 











t Na 

3*88 

6*0 

4-0 


In general the data in Table VII uphold Mukherjee ’s [1922] theory of 
ionic adsorption, in that the adsorption of Ca is greater than that of sodium. A 
few exceptions are, however, noticeable. For instance, in the case of pH 1*3, 
the negative adsorption-of Na is greater than that of calcium, which means 
that positive adsorption of sodium is higher. Another exception is shown by 
the relative adsorption of two bases at pH 4 - 6 in the case of soil No. 86p. 
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Comparison of bases taken up by soils at different pH values 

Table VIII gives the data on the uptake of m. eq. of different bases by 
100 gm. of air-(fi'y soil (No. 113p), the results being expressed on oven-dry 
basis as usual. 

Table VIII 


M. eq. base taken up by 100 gm. of oven-dry soil No. 113p 


pH 

1 

Li 

Na 1 

1 

K 

Ca 

1*3 

— 8' 3 

i 

1 

j, 2 ! 

—70 ’ 

— 8*0 

2*9 

— 4-5 

— 3*7 I 

— 3-2 

— 3 * 1 

4*6 

-- 1*6 

— 0*74 1 

— 0-72 

— 0*66 

7-1 

0*65 

0*68 1 

0-81 

1*27 

9-8 

5*7 

5*0 

6-2 

6*9 

12*5 

(Baryt.a) 

17*6 

17*6 1 

1 

17-6 

1 17*6 


Table IX, on the other hand, gives the data on the uptake of base by 100 
gm. of air-dry eleetrodialysed soil (No. 113p), results being expressed on 
oven-dry basis. In the case of eleetrodialysed soil it was found necessary to 
centrifuge the mixture in order to got a clear supernatant liquid. The per- 
centage of moisture in the eleetrodialysed soil was 2 • 93. 

Table IX 

M. eq. of base taken up by 100 gm. of eleetrodialysed soil No. 113p 


pH 

Li 

Na 

i K 

i 

1 

Ca 

1*3 

—3*5 

—3*4 

—3*3 

—3*2 

2*9 

— 1*32 

—1 * 34 

0*4 

1*3 

4*6 

- 0-38 

2*6 

3-3 

0*4 

7* 1 

8-4 

8*5 

8*7 

i 9*0 

9*8 

12-9 

14*5 

15* 0 

16*1 

12*5 

28-8 

28*8 

i 28*8 

28*8 

(Baryta) 


1 

[ 

I 



The data in Tables VIII and IX show that the adsorption of metal cations 
are generally in the order Ca > K > Na Li. Ca is divalent and hence it 
should be adsorbed to the maximum extent by the negatively charged clay. 
The adsorption of K, Na and Li follows the order of solvation of these ions 
and hence is in agreement with the Ij^otropic series. There is, however, one 
peculiarity to be noticed in the relative order of curves. It will bo found that 
the relative difference in the adsorption of different cations are maximum at 
pH 4* 6, specially for the eleetrodialysed soil. The relative difference between 
the adsorbabilities by the different cations are fairly considerable at pH 9 • 8, 
whilst between pH ranges 4 • 6 to 1 • 3, the difference between the adsorbabili- 
ties narrows down to zero. Also at pH 7-1, the adsorbabilities of different 
cations are practically the same. 
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Uptake of calcium under different conditims 

Ta^blo X shows the results on the uptake of lime by two soil samples 113p 
and 152p before and after electrodialysis. The results with soil 113p before 
and after electrodialysis are plotted graphically in Fig. 3. The buffer curves 
of 152 p before and after electrodialysis show^ the same general behaviour. 


Table X 

Uptake of lime by soil samples 113p and 152p before and after electrodialys is 


pH 

j 

I13p 

! 

152 

1> 

Ordinary 
air- dry 
soil 

Eloctrodialysod 

soil 

Ordinary 
air- dry 
soil 

Electro d i slys ed 
soil 

1*3 

-8-0 

—3-2 

— 10-8 

—3-20 

2-9 

1 

1*3 

- 6-6 

0*63 

4-6 

-0*66 

7*4 

- 0- 37 

6-6 

7*1 

1*3 

9-0 

9*5 

18*3 

9-8 

6*9 

16*1 

33-0 

37-3 

12*6 

! 17-6 

I 1 

! ! 

28-8 

39-5 

52*8 


The percentage of moisture of the electrodialysed soil 113p was 2*93 
and that of the electrodialysed soil 152p was 3-83. As is to bo expected, the 
buffer curves of the ordinary air-dry soil and of the same soil after it has been 
electrodialysed run almost parallel to each other, the reason being that elec- 
trodialysis of soils causes replacement of ordinary exchangeable bases by 
hydrogen. 


Summary and conclusions 

In the present paper the chief base-exchange properties of a number of 
profile samples of red and lateritic soils of India have been studied. This 
includes the study of percentages of air-dry moisture, total exchangeable 
bases, degree of saturation and buffer curves. Buffer curves of minerals like 
bauxite, limonite, halloysite, kaolin, montmorrilonito and of Merck's humic 
acid have been studied. The relative adsorbabilities of cations calcium and 
sodium by the soils and the milli-oqiiivalents of bases Li,Na, K and Ca taken 
up at different plA. values have also been determined. Lastly, the determina- 
tion of percentages of organic carbon of a number of soils and its influence on 
the nature of buffer curves have been studied. The main general conclu- 
sions are : — 

1. Percentages of base-saturation of the profile samples generally increase 
down the profile. In some cases the percentage base-saturation attains a 
maximum at an intermediate depth. 
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2. Within certain degree of approximation the soil profiles studied can be 
classified from the mode of variation of buffer capacities at different layers of 
the profiles into four classes. 

3. Almost all the buffer curves indicate more or less definite inflexion 
at 9 • 8 and frequentty a second inflexion either at 2 • 9 or at 4 * 6. 

4. A comparison was made of the plti values obtained by the Kuhn’s 
method, the quinlxy drone electrode and that obtained from the intersection 
of the buffer curves with the line of zero uptake of bases. In general, the 
points of intersection of the buffer curves with the line of zero uptake of base 
corresponds very closely with the values obtained by Kuhn’s method. 
Both these pH values are slightly lower than those obtained by quinhydrone 
electrode method. 

5. The nature of the buffer curves obtained with limonite, bauxite, 
halloysite, kaolin and montmorrilonite sliows that the mineral halloysite 
possesses higher buffer capacities than kaolin. All the curves are typical 
S-shaped ones and show inflexions at pH 2 • 9. The mineral limonite shows an 
interesting behaviour, in that contrary to expectations the uptake of base at 
pH 4 • 6 by this substance is higher than the uptake of base at pH 2 • 9. 

6. Humic acid shows a very high buffer capacity, and the buffer curve 
of the humic acid shows an inflexion at pH 4*6. 

7. The relative adsorbabilities of the cations calcium and sodium by 
three air-dry soils (85p, 113p and 124p) at different pH values have been 
compared. The adsorption of calcium is greater than that of sodium. 

8. The buffer curves of ordinary air-dry soil 113p and of the same soil 
after electrodialysis with the four bases Ca, Li, Na and K are nearly 
coincident, and the lyotropic series holds good in practically all the cases. 

9. The buffer curves of oi’dinary air-dry soil and the same soil after it 
has been electrodialysed run almost parallel to each other. 
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STUDIES ON THE CHEMICAL CONSTITUENTS OE 
INDIAN LATERITIC AND RED OILS 


IIL DETERMINATION OP THE l^ERr.^ENTAGE OF (^LAY, MAXIMUM 
WATER-HOLDING CAPACITY AND OP FREE IRON OXIDE, FREE 
ALUMINA AND FREE SILICA OF LOWERMOST LAYERS OF 
PROFILE SAMPLES 

BY 

M. SULAIMAN 

AND 

K. 0. MUKHERJEA 

Agriculhiral Chmiistry Section, Dacca IJiviverHity 
(Roceived for publication on 23 June 1941) 

(With two text-figures) 

R AYCTIAUDHURT Hiid Sulaiina.n | P.HO] have laid stres^s on the import- 
aiKic of (letermuiing tlie }.)(‘i*c,eMtages of fn^e silica and of free ahiinina and 
of free iron oxide in the ease of lateritit*- soils. These authors have deterniiucd 
the j)ercentages of free sesquioxides in Indian latcritic^ and red soils following 
the inetiiods devised by Hardy [HKH ] and by Drosdoff and Truog [1935]. 
The pertjentages of free iron oxides obtained by Hardy’s method were found to 
be nmeh smaller than those obtained by the method of Drosdoff and Truog, 
whilst the percentages of free alumina o))tained by H ardy’s procedure are much 
higher than those obtained by the otlier method. More recently Hardy 
[1939] and Truog [193(>] hcwe modified their previous methods. The un- 
published work of Sulaiman shows that the percentages of free alumina 
obtained by the modified methods of Hardy and of 1’ruog are very nearly equal. 
Of these two methods, however, the method devised by Truog and coworkers 
has got special advantage in tha.t it is possible, by tl)is method, to obtain soil 
residues free from iron and aluminium oxides. Raychaudhuri, Sulaiman and 
Basuraycliaudhuri [1941], in a recently published work, liave shown that the 
presence of free sesquioxides and free silica in India, n red soils has con- 
siderable influence on the buffer capacities of the soils in that the buffer 
curves of the residues after removal of the free silica and free sesquioxide 
components become steeper as compared to those of the corresponding 
original soils. 

In connection with the work on lateritic and red soils of India, it was 
felt desirable to examine the pliysico-cliemical juoperties of soil samples of 
lowermost layers of profiles of t liese soil types and find out correlation, if any, 
between the physico-chemical properties of soils from bottom layers of these 
profiles with the nature and quantities of the mineral avssomblages ])resent in 
the soils and tlio parent material, the fundamental assumption being that 
the lowermost layer could be least affected by weathering agencies [Bonnett, 
1939]. 


153 



164 the INDIAN JOtJBNAL OF AGRICULTUEAL SCIENCE [Xll 

Expebimental 

The percentages of clay in the soil samples were determined by tlie method 
of Robinson [1933]. The maximum water-holding capacities of the samples 
were determined by following essentially the procedure devised by Keen and 
Raczkowski [1921]. The percentages of amorphous products of weathering, 
e.g. free FcjOg, free AlgOg and free SiOg, were determined by the method of 
Drosdoff and Truog [1935], subsequently modified by Truog and coworkers 
[1937]. The percentages of ferro -magnesian minerals present in the soils were 
determined by following tlie procedure suggested by Hendrick and Newlands 
[1923]. The results are shown in Table I where the percentages of the clay 
fraction in the soil and the percentages by volume of ferro-magnesian minerals 
(determined by the procedure used by Jeffries [1937]) are also included. 

Table I 


Percentages of clay fraciions, of maximum water-holding capacUies, of free Fe^O^ 
of free Al^O^ and of free SiO^ of lowermost layer of the profile samples 


Locality 

Depth 

Soil 

No. 

Per cent 
clay 
fraction 

Per cent 
max- 
water - 
holding 
capacity 

Per cent 
free 
Pe,0, 

I»cr cent 
fre(5 
Al.O, 

Per cent 
free 
SIO, 

Per cent 
by volume 
of ferro- 
magne- 
sian 

minerals 

Hathwara, Manbhuim, 
Bihar 

4 ft. 11 -in. 
below 

85 p 

24-2 

58-2 

2-86 

0-53 

0-550 

30-0 

Putlda, Slngblmin, 
Bihar 

2 ft. « in.— 4 
ft. 

89 p 

20-6 

61-9 

6*49 

1-01 

1-095 

8-0 

Baralota, Dalton- 
gaoj, Bihar 

4 ft.— 5 ft. 

07 p 

12-4 

67-0 

] -07 

0-31 

0 • 924 

30 0 

Tarigi, Cuttack, 

Orissa 

2 ft.— i ft. 

100 p 

181 

49-9 

11-08 

2-38 

1-128 

8-0 

Uhanmandal, Cut- 
tack, Orissa 

5 in.— 4 ft. 

102 p 

07 -10 

72-0 

9-86 

2-22 

0-624 

24-0 

Kf^ileswar, 

Bhubaneswar, 

Orissa 

2 ft. 11 in.— 
4 ft. 

104 p 

28-3 

50 0 

10 • 91 

1-48 

0 • 835 

1 

2-0 

Jhinkar Tangi, 

Khurda Town, 

Orissa 

8 ft. « in.— 

1 10ft, 

109 p 

23 0 

n. d. 

8-38 

1-89 

0 • 780 

3-0 

Lalgarh, Midnapore, 
Bengal 

3 ft. 4 in.— 
4 ft. 

114 p 

27-C 

54-9 

1 

3 • 93 

1 • 34 

0 • 045 

25-0 

Midnapore (Bed 

Soil of Cossye 
river) | 

Bed of 

CoBsyo river 

117 p ; 

48-4 

! 07-() 

1 -00 

1 

0 ' 42 

0 • 775 j 

i 

28*0 

Mailda, Midnapore 

40 ft. below 

118 p 

27-6 

661 

4 • 50 

0-61 

0-616 

28-0 

Mawphlang, Khasi 
Hills, Assam 

2 ft. 11 in.— 
4 ft. 

122 p ! 

37*0 

71-3 

10-32 

1-57 

0-577 

22-0 

Upper Chandmari, 
Tura, Garo Hills, 
Assam 

2 ft. 8 in.— 

4 ft. 

147 p 

8-20 

50-2 

1-40 

0-49 

0*779 

X 


Fig. 1 shows graphically the correlation between the percentages of the 
clay fractions of the soil samples and their maximum water-holding capacities. 
It is found that there is fair linear relationship between the two. A particularly 
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interesting case is that with sample 122 p (Mawphlang, Khasi Hills, Assam), 
where the maximum water-holding capacity is as high as 71-3, whereas the 
percentage of clay fraction is only 37-0. Similarly also, the sample 118 p 
shows a comparatively higli value for maximum water-holding capacity (66- 1), 
whilst the percentage of clay fraction is as low as 27-0. 



Percentagos of clay fractions 


Fig. 1. Correlation between the perc(aitag*'S of clay frac^tions and tJieir maximum 

water-holding capaeitit's 

Fig. 2 was drawii to sliow the relationship between the percentages oi 
free alumina and of free iron oxide, w ith tl»e percentages of ferrc) -magnesian 
minerals. It is generally to be expected that the greater the proportion of 
ferro-rnagnesian minerals, the less would be tlie propoi tions of free alumina 
and of free iron oxide. The figure shows that this is generally the case. 
Table I show s that the amount of free silica in tlie soil samples is very low in 
all cases. 

SUMMAKY 

L A comparative study has been made of the physico-chemical and 
mineralogical properties of the bottom layer samples of some red and lateritic 
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soil profiles. The determinations made in this coimection are maximum water- 
holding capacities and percentages of clay, of free Fe^Oj, free AljOj, free 
SiOj and of ferro-magnesian minerals present in the soils. 

2. A fair Hnear relationship was observed between the percentages of 
clay fraction of soil samples from the bottom layers of the profiles and their 
maximum water-holding capacities. 

3. In general it has been found that the greater the proportion of ferro- 
magnesian minerals, the less are the percentages of free sesquioxides in the 
samples from the bottom layers. 

4. The amount of free silica in the samples of the bottom layers is very 
low in aU cases. 



percentages of ferro-magnesian minerals 

Fig. 2. Relationship between the perc(?ntages of free iron oxido and free alumina 
with ferro-magnesian minerals 
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UTILIZATION OF PRESS-MUD. CANE-TRASH AND 
BAGASSE IN THE CANE FIELDS 
I. COMPOSTING BY AEROBIC DECOMPOSITION 

BY 
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K. ASWATH NARAIN RAO 
Imperial Institvie of Sugar Technology Cawnpore 
(Received for publication on 16 Juno 1941) 

C ONTINUOUS cropping of virgin land without periodical addition of 
any manure is certain to result in a rapid and continuous fall in the 
total organic matter, nitrogen and moisture-retaining capacity of the soil. 
Consequently, there will be a reduction in quality as well as quantity of succes- 
sive crops. In order to safeguard against this, the ingredients taken out 
of the soil by any crop should be replaced so that the next crop may not suffer 
due to their absence. The proportion of the essential constituents of the 
soil can be maintained by the addition of synthetic fertilizers when the defi- 
ciency is in nitrogen, calcium, potash or pliosphates, and of farmyard manure, 
green manure or oil cake if tlie soil is poor in organic matter also. 

It is well known that humus or soil organic matter is responsible for soil- 
fertility in a number of ways such as improved tilth, water-retaining power 
etc. Its deficiency which cannot be rectified by the addition of artificial 
fertilizers can be made up only by the supply of organic matter in a readily 
assimilable form. The vegetable waste product added to the soil must contain 
sufficient combined nitrogen for rapid decomposition which takes place only 
in proportion to the available combined nitrogen present. 

The deficiency in humus which most Indian soils suffer from, is generally 
made up by the addition of oil-cake, green manure etc. Since oil-cakes are 
expensive and not available in sufficient quantity in all parts of India, it is 
desirable to use cheaper humus-forming materials like straw and other cellulosic 
material. ‘ Sheet composting ’ has been suggested for utilizing these, but 
it would certainly be better if these materials are composted outside the field 
before being applied to the land, so that the manure will have preformed humus 
for immediate utilization by the crop. The ripe compost must be in the 
form of a finely divided powder, with a C : N ratio as close to 10 : 1 as poSvSible. 

As a coiLsequence of the development of sugar industry in India, cane 
trash, filter press cake and molasses and in some factories bagasse also have 
become available in large quantities. In many cases, even their disposal — not 
to speak of their utihzation — has become a problem to the sugar factory owners. 
Considerable work is already being done on utilizing molasses to the best ad- 
vantage ; we have therefore confined our attention to evolving the best method 
of using press cake, cane trasli and bagasse on the land. The following table 
gives the quantities of cane crushed during the last five seasons in the United 
Provinces, Bihar and in the whole of India by sulpliitation factories. 
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United 
ProvinctR 
(in million 
tons) 

Bihar 

(in million 
tons) 

India 

(in million 
tons) 

1935-36 

5.2 

- 

2.14 

8.8 

1936-37 

! 5.9 

2.7 

10.2 

1937-38 

5.4 

! 1.9 

8.8 

1938-39 

i .3.26 

1.36 

6.2 

1939-40 

1 7.0 

3.5 

13.1 


Season 1938-39 was an unusually poor one and need not be taken into 
consideration. The average quantities of cane crushed per season will there- 
fore be : 


United Provinces Bihar India 

(in million tons) 

6*9 2*66 10*2 

While 20 per cent of cane forms trash, the quantity collected in sugar 
factories is usuially only 1-1*5 per cent. The amount of filter press cake 
produced is found from the data available, to be about 2*5 per cent on the 
weight of cane crushed. The cake fresh from tlie presses contains about 60 
per cent moisture and, therefore, the dry matter in the press cake j)roduoed 
may be taken to be 1 per cent on the weight of cane criislied. On this basis, 
the two products the disposal of which is a problem in Indian sugar factories 
will amount (in tons) per season to : — 


1 United 

j Provinces 

1 

Bihar 

India 

Cane trash 


j 

. 1 59,000 

25,600 

1,02,000 

Filter press cake 

. 

. j 1,47,500 ! 

64,000 

2,66,000 

Dry matter in the cake 

• 

. 1 59,000 1 

25,600 

1,02,000 


These are enormous quantities of potentially useful materials and it is 
very desirable that attempts should be made to use them in the shape of manure 
for cane from which they are produced. It would be ideal if they could be 
used directly for this purpose. Sporadic attempts have been made in other 
countries to use cane trash directly on the fields and allow it to decompose 
there, but without much success. Filter press cake is being used as manure 
in a number of countries and in India also. In the United States of America, 
it is reported that press oake is almost exclusively used for manurial purposes, 
especially on the stubble canes on account of its phosphatic constituents. 
In most of the factories in the United States of America, it is stated, the cake 
as it comes out of the press is directly transported to the fields and applied 
to stubble canes ; in others, it is stored on tlie factory premises in a pit and 
transported later when dry. 
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In Mauritius, it is recorded that all the filter press cake produced, 
the average comjiosition of whicli is given in Table I, is used on the 
fields as manure. It is almost exclusively used for virgin canes either 
at planting or when they are 5-6 months old. Tlic ashes from the bagasse 
furnace are mixed with press cake or molasses or even with bagasse, giving 
a compost which has been called ‘ Saccharogenc Bagasse which is in surplus 
has also been tried on the soil mixed with other substances, but it is stated that 
it remains in an unchanged state for a considerable time. 

Filter press cake is a valuable manurial material containing potash, 
calcium, phosphate, nitrogen and organic matter. Unfortunately, many 
detailed analyses of Indian press-muds are not available, l)ut analysis of a few 
samples has shown that they differ in composition from those of otlier coun- 
tries. Table I gives a fair idea of the composition (on a dry basis) of press 
cake from Indian sulphitation factories, although there will be considerable 
variation between the products of different factories and between the products 
of sulphitation and of carbonafation factories, the latter containing far more 
mineral matter than the former. For purposes of comparison, average com- 
position of the material in Hawaii and Mauritius is also given. 

Table I 

Composition of press cake from Indian sulphitation factories 


(Dry basis) 


Constituent 

Raval- 
1 gaon ' 

1 sugar 
! factory 

Experi- 

mental 

sugar 

factory 

Mansur- 

pur 

factory 

Another 

factory 

j 

1 Hawaii 

j 

Mauri- 

tius 


I 1 

i Per cc'Tit 

Per cent 

Per ef nt 

Por cf'nt 1 

Per cent 

Por cent 

Organic matter 

74.0 : 

67.0 


63.0 



Nitrogen 

1.47 

1 .0 

’l.4.‘5 

1.0 i 

1.85 

i.i4 

P 2 O 5 . 

i 4.4 i 

4.2 

, . 

5.0 ! 

8.9 

2.04 

OaO 

10 . G ! 

9.8 


10.0 ! 

11.3 


K 2 O 

1 1 

2.3 


7.0 : 

0.4 

0.87 


Press cake can be used for tbe benefit of tlie land either by itself or in 
atoixture with other waste materials. It may also be ap|)lied after comixisting 
mixed with artificial fertilizers like ammonium sulphate or with fertilizer 
mixtures at present supplied to the ryots by some Departments of Agriculture 
When used by itself directly it can be ploughed into the fields or allowed to 
decompose in a heap and then spread on the land. When used along with 
other agiicultural waste materials, it Is preferable to prepare coniTOsts to 
convert the organic matter in it and in the other materials to a form in which 
they can be readily assimilated by the crop. The easily available waste 
product which suggests it^lf is cane trash or in some cases, bagasse. Such green 
vegetable refuse as is available should also be used. In most of the factories 
cane is supplied in bullock carts and cattle urine and cowdung are available 
ana can be used as starters. In addition, diluted molasses and effluent sludge 
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tj 

can serve the same puriK>se, effluent- water }>eing u^d for preparing cowdung 
slurry. The use of press-mud mixed wiiti other waste niateTial is to utilize 
other waste products and also to obtain an increased yield of nuonire 
containing larger quantities of humus. 

Different processes of composting have been developed and the methods 
have more or less been standardized ; for new jnaterials, however, experiments 
have to be conducted to determine the period of composting, com})osition of 
the compost and the most suitable process. The well-known process is the 
Indore Process and various moditu^ations suitable for appli(uition to different 
raw materials have been evolved. In the (Jase of sngar factory products, 
whatever the process of composting adopted, either the raw materials or the 
finished products have to be stored for 4-0 months if they liavc to be applied 
to the land at the time of planting or a little earlier. For application to the 
ratoon crop, this long storage may not be necessary, as the programme of work 
can be so arranged as to have the compost ready just when it is re quired. 
It was, therefore, considered necessary to investigate tlioroughly all the pos- 
sible methods of using filter press cake, cane-trash and bagiisse before recom- 
mending to the factory owners and cultivators the best method of utilizing 
these for the benefit of the land. 

Experimental 

Composition of the materials used 

Filt/er press cake (sulphitation) contained moisture, ()2*() per cent. The 
cake after clrying in the sun for 15 days in a thin layer on the ground contained 
1*1 per cent moisture, 1*38 per cent nitrogen ami 40 per ( cnt carbon. 

Air-dried cane trash contained moisture 7 per cent ; N, 0*24 per cent ; 
C, 28-0 per cent (on dry l)asis). Paidially dried bagasse contained 30 per cent 
moisture, 0-14 |>er cent N and 40 per cent C (on dry l)asis). 

Factory molasses contained 0*27 per cent N and 24-0 per cent C. Cow- 
dung had 61*5 per (‘.eut moisture, the nitrogen and the carbon in the oven- 
dry sample being 0*92 per cent and 14*0 per c^ent respectively. 

Composting 

For the preparation of the heaps, sun-dried press-rniid (sulphitation), 
cane-trash cut into lengths of 2-3 in. and small lengtlis of bagasse well-dried 
in the sun for 8-10 days were used. The requisite quantities of materials 
(the total weight of ea<vh heap was 8 cwt. the proportion of tlie ingredients 
varying in different cases, as given in Table 11) were mixed togetlier tlioroughly 
with the activators and made into a heap of suitable dimensions. Temperature 
inside the heap was noted periodically to have an idea of the progress of de- 
composition. The maximum temperature attained in most heaps was about 
70T. 

(A) The heaps were subjected to three turnings, once after 15 days, again 
after another 15 days and finally a month later, with the addition of a thin 
slurry of molasses and cowdung prepared with effluent water. Water was 
sprinkled occasionally if the heaps became too dry. Onnpvsts were taken 
to be ready when the heaps liacl developed a crumbled powdery structure 
and a grayish black apjiearance. Nitrogen and moisture were determined 
at this stage. Ten heaps (experiments 1-10) of different compositions were 
prepared in duplicate and composted by this method. 
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Table II 

Lo9s of nitrojm and dry matter from heaps of different composition 




Composition of the heap 




1 

Percent- 

age 

loss 

of 

dry 

inatUir 

N per- 
cemage 
in the 
(M)nipost 
(on dry 
basis) 


tjjcpt. 

PresR- 

mud 

('anp- 

trash 

IhiK- 

assc 

Molasses 

and 

eowdiiiig 
p('r coni 
of each 
on the 
wt. of 
heap 

C : N 
ratio 

N i >er 
cent 

No. of 
turnings 

Time of 
conijKmtIng 
in months 

Per cent 
loss 

of nitro- 
gen 

lA XX . 

1 

1 


2 per cent 

41 ; 1 

0-83 

3 

5 

49-6 

1-43 

10*7 

IB 

1 

1 



41 : 1 

0-83 

3 

0 

63*7 

1*42 

19*0 

2A 

3 

1 



33:1 

11 

3 

6 

61 0 

1*09 

38*4 

2B 

3 

1 


„ 

:i3 : 1 

11 

3 

6 

60-0 

1*36 

50*0 

3A 

2 

1 

1 


42 : 1 

0-79 

* 

C-6 

64-5 

1-33 

40*0 

3B 

2 

1 

1 


42:1 

()*79 

3 

6-6 

63-2 

1-30 

39-0 

4A 

1 


1 


52 : 1 

0-76 

3 

7 

630 

1*17 

42*4 

4B 



1 


52: 1 

0-76 

3 

7 

61-4 

1*35 

30-4 

6A 

3 


1 


37:1 

1*06 

3+1 

6-8 

69*7 

1-56 

87*6 

6B 

3 

... 

1 


37: 1 

106 

3 

6 

626 

1*60 

40*0 

CA X . 

1 

1 



20: 1 

166 

3 + 1 

ou 

67 0 

1 -83 

62*0 

OB X . 

1 

1 


n 

20 : 1 

1*66 

3 

6 

63 ■ 1 

1 -88 

56*4 

7A X . 

3 

1 


-• 

r-t 

1'66 

3 + 1 

4*5 

39-4 

1-75 

35-4 

7B X . 

3 

1 



23 : 1 

1-66 

3 + 1 

4'C ! 

44-9 

1*86 1 

37*6 

8A X . 

2 

1 

1 

• 1 

22: 1 

1'64 

34 1 

4-8 

50’7 

1*83 1 

45*5 

8B X . 

i 2 

1 

1 

„ 

22 : 1 

1-64 

3+1 

1 4-8 

46 1 

1*77 

42*2 

9A X . 

1 1 

1 

j 

i f 


23 : 1 

1-63 

3 + 1 

4-7 

500 

1*71 1 

47*3 

»B X . 

! 1 

t 

i 

1 

„ 

23:1 

1-63 j 

3 11 

4-7 

51-2 

1*58 1 

52*7 

lOAX . 

1 ^ 

... 

1 


23 : 1 

1-66 1 

34 1 

; 4*7 

54-4 

1*88 

46*0 

lOBX . 

3 

i ••• 

1 


23 : 1 

1 1*66 

' 3 4 1 

4-9 

55 *2 

1*88 ! 

47*0 

IIA 

1 1 

I 

i ^ 

1 


1 per cent 

41 : 1 

1 0'83 

i 

90 1 

(daily; 

5-5 

02-2 : 

1-32 

281 

IIB 

i 

' 1 

i 

t 

j 

” 

41 : 1 

i 0-83 

90 

(daily) 

5-5 

62 0 

1*84 1 

26*5 

12A 

1 

1 

1 

1 ^ 


2 i)cr cent 

41 : 1 

i 0 83 

17 i 

( Weekly); 

I 4'6 

550 

1-29 

22*9 

12 B 

1 

1 



41 : 1 

0*83 

i 

(Weekly) 

4-5 ^ 

45 7 

1'12 

10*8 

13A 

1 '3 

i 1 

... 

” 

33 : 1 

11 

17 

(weekly) 

4-5 ! 

! 68 0 

1*44 

28*9 

13 B 

3 

1 

... 


33 ; 1 

11 

17 

(weekly) 

4*6 

63-2 

1*46 

28*4 

14A 

1 


1 

1 per (Mint 

29 : 1 

1-38 

11 

(weekly) 

4 

54 4 

1*66 

42*5 

UB 

1 

1 


” 

29 : 1 

138 

11 

(wpMjkly) 

•4 

500 

1*41 

42*8 

15A 

1 


1 

2 per cent 

52:1 

0-80 

None 

12 ^ 

30-3 

0*89 

228 

16B 

1 


1 

IT 1 

62: 1 

0-80 

Do. 

12 1 

31-7 

0*91 

22*8 

16A 

1 i 


1 

i 

1 

62:1 

0-80 

Do. 

! 

38-4 

0*91 

29*6 

1«B 

1 i 

1 


1 

T* ■ 

52: 1 

‘ 0-80 

Do. 

12 1 

1 

40-7 

0*98 

81*4 


X Ammonium sulphate added to the heaps to raise the percentage of nitrogen 
XX P*0» i>er cent in the compoet : 8 *3 
XfO per cent in the compost : 0*86 



1 ] 


PBES8-MU1), 0ANETKA8W AND HA(iAS8E IN CANE MELIJ8 


103 

(B) Experiment 11. — HeapB were Bubjooted to daily turning for a period 
of three months. Cowdiing and molasses were added at each turning. 

(C) Exi>eriments r2-14.~Turnmg was done every week with addition of 
cowdung and molasses. 

(D) Experiment 15. — Press-mud (4 owt) and bagasse (4 ewt) were 
laid out in alternate layers of about 2-3 in. thickness each and the heap was 
made up of three sucli layers. Eacli of the layers was well mixed with a 
slurry of cowdung and molasses before the next upx>er layer was placed on it. 
The layers were not mixed and no turning was given. 

(E) Experiment 16. — Press-mud (4 ewt ) ami bagasse (4 cwt) were well 
jnixe<l with a thin slurry of cow^dung and molasses and a heap of vsuitable 
dimensions was ])repared. No turning was given. 

Results 

Considerable lieat w^as developed in every one of these heaps within a ilay 
or two of preparation, the temperature inside the heaps after a week or ten 
days rising to in many cases. After a lapse of 3-4 weeks, fermentation 

slowed down and little heat was developed. Table 11 contains the results 
obtained so far. The data obtained show clearly that valuable manure 
can be prepared from what are considered at present as ‘ waste products 

Attempts w^ere also made to use press-mud of carbonatation factories in 
the preparation of composts. These did not prove satisfactory because tliis 
press-mud contains a large proportion of inorganic matter. It contains only 
7 per cent C and 0-6 per cent N. The addition of organic waste to balance 
the inorganici matter would reduce the percentage of nitrogen, wdiich is already 
low, still further. 

For adoption by the factories, the method of composting recommended 
has to be inexpensive. Our experiments have only tliis object in view. 
Method (B) is obviously unsuitable as labour required will be very large. 
The most promising methods for adoption on a large scale are (D) and (E). 
They involve little expense and the longer period of composting is not a dls- 
advantage, as there is a good margin between the close of one crushing season 
and the next planting season. 

It is observed from Table II tliat in all these methods, there is a loss of 
nitrogen varying from 20-50 per cent and of dry matter, 40-60 per cent depend- 
ing on the (‘.omjiosition of the heap. Excellent results have been claimed for 
hot fermentation method of composting by Acharya et aL [1939], In this 
method, the heaps are subjected to both aerobic and anerobic fermentation, 
the former only for a short period in the beginning. Composting of the sugar 
factory waste products by this method is lieing examined, so that the losses 
may be reduced if possible. 
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O NE of the most important questions in India is maintaining the fertility 
of the soil, specially in intensively cultivated areas. Every inte^gent 
cultivator utilizes all his farm wastes by returning as much of it as possible to 
the soil to seviure good results but the dearth of bulky manure is always keenly 
felt in intensively irrigated areas. Villagers round about the towns use city 
refuse and night-soil ; green manuring is also resorted to when irrigation faci- 
lities are available. In large towns, the removal of excreta by baskets and 
oarts is practised for economic reasons and is being gradually replaced by 
drainage system for sanitary reasons wherever jiossible. 

From the analysis of effluent received from tlie Poona city sewage, it is 
found that the nitrogen contained in it is roughly ccpial to 3 lb. per annum 
per head of population. The money value of these 3 lb. of N is equal to Rs. 1-8 
on the basis of market rates and of N contents in oil-cakes, ammonium sulphate 
and other manures. If such valuable N is not utilized for irrigation l)ut wasted 
elsewhere, the loss to national wealth due to such waste would amount to Rs. 3 
lakhs per annum for Poona alone. 

Method of disposal of city sewage 
Sewage is at present being directly let into sea or large ]>orennially flowing 
rivers. Where su(?h facilities are not available, it lias to be passed through 
septic tanks for anaerobic treatment and further tlirough rotary filters for 
acjrobic treatment. Recently the sludge portion of tVie sewage water is utilized 
for preparation of gas for power purposes. Sometimes effluent is required 
to be chlorinated or treated with flocculents. It is only then that it can be 
let into a nalki without any danger to publiii health. Tliere is another way of 
utilizing the sewage, and this is by irrigation to cro])S. This lattbr method is 
described in the paragraphs to follow. 

Pooka sewage dbainage and irkigatiok scheme 
This scheme comprises (a) drainage from tlic Poona city, cantonment, 
suburban municipality, etc. 'i^he luesent volume of sewage received per head 
per day is about 35 gallons. (6) AU this raw sewage is thus^ collected by 
gravity to a central pumping station at Bahiroba where this passes through 
screen and grit chambers for removal of and sand. About 1,000 tons 

of sand are recovered annually. The screened sewage passes then through 
the balancing tanks ; each tank is 250 ft. long and 36 ft. wide. The capacity 
of each of the tank compartments is about 0*6 million gallons making a total 
of 1 * 8 million gallons, for the three tanks. Sewage settles in these tanks for 
about four hours before it is pumped to the head of distributary 6 for 
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irrigation, (c) Sewage in further led on to a sump pit and pumped. The 
quantity pumped is about 7 million gallons per day at present. The static lift 
to which sewage is pumped is 88 ft. from suction level to delivery end. 

The pumping set consists of four units, one electric unit and three oil 
units. The tliree oil units consist of Diesel engines, two cycle vertical type 
of 150 B. H. P. running at 300 revolutions per minute. 

Sew'age w hich is pumped ])asses through a rising main of 30 in, diameter 
and discharges at a distance of 3 A miles at distributary 5 of Mutha Righ 
Bank Canal. Inhere is also a brancli pi])e (jonnecded fiom the rising jnain wliicli 
discharges at distributary 3. Thin is described in details l)y Inglis, Collett 
and Joglekar [1938]. 

The discharges are received in the masonry chaml>ers at the distributary 
ends and are either diluted, if required, with canal water w hich is close by or 
is allowed to pass in the raw form for irrigation purposes. Fig. 1 explains 
the lay-out clearly. 


Effluent iretoation area 

Tlie area which receives sewage irrigation is called effluent zone wdiich 
consists of areas under distributaries 3, 4, 5 and 0 of Mutha R. B. Canal (Fig. 1). 
The total area suita1)le for sugarcane cultivation is about 3,000 acres, but 



Fjo, J, Index plim showing effluent zone, Mutha Right Bank Canal, from mile No. 13 

to 20 (scale 1 in. = 3/2 mile) 
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only 800 — 1 ,000 acres at the most are under sugarcane at present, while the 
sewage received from Poona is sufficient for supplying N requirements to 
about 2,000 acres on the basis of 300 lb. of N which has been found to be 
adequate for producing a good crop of sugarcane. As only half the area is 
therefore normally under sugarcane, Government have acquired an area for 
disposing of surplus effluent when it is not required for sugarcane. This is 
done during the latter lialf of rabi season as it is beneficial to out off sewage at 
least two months prior to harvesting of sugarcane. 

Annual discharges of sewage and its manubial value 

Table 1 gives tlie discharge of sewage received during the preceding 
five years. 

Table I 


Discharge of seunge total nitrogen and area irrigated in the zone 


Y<*n r 

f ' 

Discharge 
: of Bcwuge 
in o.ft. per 
i second 

Discharge 
utilized in 
cusecs 

Discharge 
surjdu.ssed 
in winter 
disposjil 
area cusec.s 

Total N 
l>uTts j)cr 
100,000 

Area 
siitlicient 
! for cane 
j on 200 Ih. 

; N basis 

Actual 

]>crcnuial 

area 

! irrigated 

Itiunarks 


. i 10 -2:^ 

l»-82 

0-41 

2, • 5:1 

Acres 

1 88« > 

1 A'TCS 

0\)ntha8 
999--2U 

On(» ciisec 


. i } 


0 • :05 

• .'if) 

1787 

1270-0 

lor one 

hour — 


. , j 

8-15 

^ 0 • 40 

:i-79 

1 (520 

1 

2(57-20 

22.r>00 

gailons 


. : K) -4:.{ 1 

9 •4(5 

0-97 i 

:i-r>0 

' 1 820 

888 — 0 



10-77 

10-77 

1 


1 782 

■ ioor> 20 



. ; ... 1 

... 



; 1780 

900— -0 



There is a gradual fall in the total N (H)ntents from 1937-38 wliicdi is due 
to increased usage of water in the city. The current year sliows highest dis- 
charge and is naturally accompanied by an appreciable decrea.He in the total N 
contents. The average of five years figures shows that the area for which N 
sewage was sufficient at 300 lb. per acre was about 1,780 acres, whereas an 
area of 906 acres only has been irrigated. 

The average of weekly results of free ammonia, albuminoid ammonia, 
suspended solids and other useful ingredients during the year 1939-40 are 
given in Table II. 

Table II 


Mannrial ingredients in Poona sewage during 1939-40 
(Parts }>er 100>000) 


1 

Season ! 

i 

Free and 
saline 

aimnonia ; 

Al))umiuoid 

1 ammonia 

Total N 

Potash n.s 
K,0 

j 

}*hoHj>lioric 
acid as | 

F.O. i 

(■alciiim as 
cttlciu m 
oxide 

Suspended 

solids 

Hot Weatltcr 

2-.H 

0-92 

3-43 

0-621 

1 • 26 

14-287 

! 44-10 

Monsoon 

2-20 

0*79 1 

3-15 

0-377 

1 -727 

12 -844 

44-10 

Jiabi 

2-41 

0-84 ! 

3-25 

1 

0*39« 

1-9(59 

14 008 

i 

53- 30 
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The average diBcharge was 10-77 cusecs while the suspended solids on 
an average were about 47 parts per 100,000. This would work out to 5,040 
tons or 10,000 C5arts. Assuming that half of this settles in the water channels, 
it can be safely said that each acre of the 1,000 acres of cane irrigated in all 
gets on an average 5 cart-loads of this matter in addition to the nitrogen 
contained in sewage. It will be seen from Table II that the Poona 
sewage as well contains an appreciable amount of potash and phosphoric 
acid and hence is a complete manure. These figures, however, represent 
the total potash and phosphoric acid and not necessarily the quantity avail- 
able. The latter is under further investigation. 

It may be noted in this connection that the experiments at the PadegiU)n 
Research Station proved that the addition of PgOj, to the extent of 100 lb. in 
addition to the usual standard dose of N top dressing, with sunn-hemp before 
cane, gave results wdiich increased the tonnage by 19 per cent accompanied by 
high gul to cane recovery. 

At present sewage being in excess of the requirements, each acre of cane 
receives about 600 lb. N or nearly double the quantity required. No evil 
effects of these heavy doses on the quality of gul have, however, been noticed 
so far. 

It will be seen that the effluent zone of Poona is a big estate growing about 
1,000 acres of sugarcane and otlier two seasonal garden crops and perennial 
grasses, vegetables and fruits. These are freely sold in tlie market with the 
usual precautions of washing in case of the former and no harmful results have 
been observed. Sugarcane grown under sewage irrigation is used in Poona 
and Bombay, both for chewing and for sugarcane juice as a sweet drink. 

As N in sewage is in liquid and easily assimilable form and the total 
scheduled N is applied in many doses, crops are more benefited than v^as when 
manure, either farmyard manure or concentrated manure, was applied in the 
normal way. In the latter case some of the manure is unutilized which is 
evident from the residual effect of manure on succeeding crops. 

Crops irrigated with sewage exhibit a deeper green colour than those 
irrigated with canal water. 

Experiments at Effluent Farms * 

Sugarcane is a principal crop on this side. Several experiments with 
this crop were tried at the Effluent Farm, Hadapsar, in medium black soil 12- 
18 in. deep overlying murrum and described by Inglis [1927]. Dr Basu surveyed 
the soil of this area and has classified this soil as G typef according to the 
genetic soil classification described in details by Basu and Sirur [1938]. 

The rotation followed is biennial, i.e, cane and dhainclui (Sesbania aculeata), 
a green-manure crop, are grown alternately. Sugarcane receives sewage 

* Up to 1 929 the sewage received from Poona was treated and the (affluent obtained 
therefrom was utilized for irrigation at Hadapsur and hence tlie Farm is known as Effluent 
Farm. Since 1930 the sewage is passed directly on to th(^ land. However, the title remains 
unchanged and the farm is still known as the Effluent Farm. 

t Brown-coloured soil 15—24 in. deep over lying murrum (decomposed trap) 
consisting of about 50 per cent clay and 10— 15 per cent silt, values near about 8*0, 
containing moderate quantities of humus and nitrogen. There is low CaO/MgO ratio 
indicating a general infe rior drainage condition of tlie soil. 
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throughout, while dhaincha requires only one irrigation. Thus out of 24 
months, the land I'eoeives sewage irrigation for 16 months. 

Varieties under sewage irrigation 
Seven important varieties of sugarcane including Pundia were tried. 
They were all planted in January. In one series, normal dose of effluent 
(3(X) lb.) supplemented by canal water was given, while in the other sewage 
irrigation was continued till harvest. The experiment was in replicates. 
Harvesting was done by February next year, after 13| months. Tlie out- 
turns are given in Table III. 

Table III 

Performance of different varieties 


Normal dost* (JJOO Ib. N) Suwage irrigation tliroiiglioiit (rouglily 

DUO lb. N) 


Nam(‘ or variuty 

Out‘t.urn 1 
oruaiie i 
in tons ; 

Out-turn 
of gul 
in tons 

Brix 

Purity 
(pur cent) 

Out-turn 
of cane 
in tons 

Out-turn 
of gul 
in tons 

Brix 

Purity 
(per cent) 

Pundia 

37*85 1 

4*37 

18-0 

81-5 

36*31 

3*04 

170 

76*7 

( 0 417 

50 • 74 ; 

6*06 

19*0 

81*0 

50*96 

5*66 

18*7 

79*6 

(’0 4()H 

53 • Dl 

0*17 

20-3 

80*1 

47*12 

.5*34 

20*3 

81*3 

Co 419 

49*87 

6*95 

21*2 

83 • 7 

I 52*25 

0*44 

21 *4 

i 85*1 

POJ 2878 

47*35 

5*14 

19*2 i 

82*0 

i 45 • 80 ; 

5*39 

20*4 

! 88-3 

Co 411 

49*87 

5*07 

18*9 

i \ 

47*28 1 

5-27 

18*8 

: 81*4 

POJ 2883 , 

1 40 • 1 7 

4*08 ! 

20*8 

8«*0 

41-74 ; 

4*95 j 

20-9 

1 87*8 


The results of gul weights show that Co 41 9 and POJ 2878 are benefited by 
continued effluent. Co 411 also shows a small increase. There is a depressing 
efi'ect of continuing effluent till harvest in the case of Co 417, Co 408, POJ 
2883 and Pundia (local cane). Further experiments with different suitable 
varieties are in progress. Plate V, fig. 1 shows the growth of iiirjK)rtant 
varieties. 

Out of the above, POJ 2878 and Co 419 were further tested under heavy 
dose experiments in the following year on plots Nos. Ill — 116 of the Effluent 
Farm. These varieties were planted in December and harvested after 12-14 
months on maturity, which was noted by taking brix readings at intervals. 
The average out-turns from four replicates are given in Table IV. 

Table IV 


Comparative out-turns of Co 419 and POJ 2878 varieties under hmvy doses of N 


rial 

[o. 

Description of 
iLxporiment 

■ 

Name of 
variety 

(Jane vvt 
in tons ' 
per iKTc 

Oul wt 
in tons 
per acre 

Brix 

l*er cent 
of gul 
to cunc 

liemarks 

A 

300 lb. of N, i.e. 
normal ilose 

POJ 2878 

Co 419 

51*44 i 
! 57 • 92 : 

5 • 79 

6 * 62 

1 8 • 35 
20*31 

11*25 

li*40 

1 

i 

"B 

*900 lb. of N, I.e. 
crop raised on si'wage 
irrl nation alone 

POJ 2878 
Co 419 

52*66 i 
60*60 ; 

5*91 

6*86 

18*31 

19*23 

11*23 

1 1 * 32 



♦ The exp0rimeni,^ on seeing the effect of sewage irrigation alone on crop and soil are 
mainly due to Mr LT. N. Mahida, .B.F., now Deputy Secretary to the Qoveriimeiit 

of .Bombay, P. W. D. His personal observations on this aspect of the problem have 
greatly stimulated research of much practical importance. » 
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In item A, cane was given 300 lb. of nitrogen in 10 months and was further 
supplemented by canal water, while in item B sewage irrigation alone was given 
throughout. Plate V, fig. 2 shows the growth of cane under normal and con- 
tinuous sewage iirigation. There is a distinct difierence in the growth of cane 
l>etween the two treatments. Treatment B, with a large dose of N and with 
sewage irrigation alone, gives more vegetative growth than treatment A. The 
difference in yield between A and B is, however, not appreciable. But the 
experiment shows that it is possible to raise a sugarcane crop under sewage 
irrigation alone with proper treatment, as detailed further. 

Effect of sewage irrigation on a ratoon crop 

POJ 2878 sugarcane variety was trieil with varying doses of N from 300 
to 600 lb. of nitrogen. This was planted as usual in the month of December 
1937 and harvested in January 1939. Ratoon was kept during the year 1939 
and harvested in 1940. The varying doses of N in the form of effluent irriga- 
tion were cxmtinued to the ratoon cane also. The results are show n in Table V. 

Table V 


Out-turm of POJ 2878 under ratoon condition with varying doses of nitrogen 
compared to the out-turns of plant cane 


) 

1 

Dose of N in 11). i 
per acrt^ 

Out-turn 
of cane 
in tons 
per acr(^ 
(plant 
cane) 

Out-turn 
of cane 
in tons 
per acre 
(ratoon) 

Out-turn j 
of gul 1 
1 in tons 
i per acre | 
I (plant 
cane) 

Out-turn 
of gul 

1 in tons 
j p(‘r acre 
! (ratoon) 

Recovery 
of gul 
to eane 
(plant 
cane) 
per cent 

Recovery 
1 of gul 
] to cane 
' (ratoon) 
per cent 

30(1 . . : 

46-42 

35- 62 

5*35 

4-33 

11-78 

12- 15 

400 

46- 50 

37- 3 

5-45 

i 

! 4- 40 

11-99 

11*89 

500 . . 1 

45- 36 

39-66 

5-37 

4-86 

1 1 • 60 

12* 30 

600 . . ! 

46-97 

39-42 

5*33 

4-57 

11-34 

12*02 

Only sewage irri- 
gation roughly 
700 1b. N 

47-58 

42-51 

5-89 

4-70 

12- 12 

: 11-54 


The results show increased yield of gul with increased doses both in the 
case of plant cane and ratoon cane except .500 lb. dose in the case of ratoon and 
600 lb. dose in the case of plant cane. 

It must be noted that except sewage irrigation no other manure w'as given 
to ratoon crop. Great care was taken in doing timely partial and complete 
earthing up operations. The results of ratoon tried with Pundia (local cane) 
(>) 417 and Co 419 are given in Table VI, 
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Table VI 


Out-turns of local cane and Co tiarietie^ under plant and tatoon condition 

(Per acre) 


Variety 

» 

Description 

Ratoon 

Plant cane 

Out-turn 
of cane 
in tons 

. . 

Out-turn 
of gul 
in tons 

Out-turn 
of cane 
in tons 

Tons of 
gcr 

per acr(^ 

Pundia 

Normal dose 300 lb. 

30*60 



3*32 


4-42 

Co 417 

Do. 

40*41 

4*64 

47*24 

4-79 

Co 419 

Do. . . . 1 

36*03 

1 

4*39 

48*42 

lil 


Effect of sewage irrigation on adsali cane 


In this zone, the problem of sewage disposal is of great importance, especial- 
ly in the months of November — February when plant cane normally does not 
requii’e sewage. Some of the surplus sewage could be utilized by adsali cane 
planted during monsoon. This experiment was continued with a view to find- 
ing out which of tlie new cane varieties gave best results under this con- 
dition. In previous experiments Pundia had failed to grow as an adsali (?rop. 
Hence four important varieties were tried. Planting was done on 15 June and 
1 August and harvesting was done after 18 and 16 months respectively wlien 
the crop showed signs of maturity. The out-turn was as shown in Table VII. 

Table VII 

(hU'turn of varieties tinder adsali plantation 
(Per acre) 


.June pluntinp 


Name of variety 

Cane 
weight 
in t(ms 

No. of 
canes at 
harvest 

BrIx 

POJ 2878 . 

79 - 1 

42,225 

18-28 

PO,T 2883 . . j 

07-3 

3.5,400 

17-89 

Co 419 . . i 

1 

79-8 

54,450 

16 18 

Co 4U . 1 

89 • 9 

48,7.50 

16-11 

Note. — Significance for botii 
the June and August planta- 
tion combined 

1 9-71 



August plaiitiug 


Caiio 
weight 
in toii« 


42() 
37 0 

48- 9 

49- 1 


No. of 
caiiOB at 
harveat 


Brix 


June ' AuguHt 
iJantation ])]})iitation 
differ- j diffrr- 
vtm‘ ! ciKc 
from tiu' , from tiic* 
control 1 control 




I 


17 ^{7 


:n,781 I 19-29 
44,900 I 17-44 
30,409 ; 10-23 

Signiflcancc flguroa 


2-8 I 

Nil j Nil 
9-0 i 11-90 

10-0 ! 12-10 

7-92 .')-7r 


The experiment was replicated four times. The statistical treatments 
of the results showed June plantation to be significantly better than August 
plantation, while considering the two plantations separately Co 419 and 
Co 411 gave significantly higher yields than the rest. 

It will be seen that Co 411 gave the highest yield of cane, about 87 tons in 
the case of June plantation, There was also profuse tillering and highest 
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number of canes were recorded in the case of Co 419 variety. These results 
show that Co varieties are more suited for planting in June and August than 
POJ varieties. Of the two, plantatu)n in June is much superior to Augiist 
plantation from the point of view of growth. 

Early cane plantation 

Sugarcane varieties were also jJanted in Oct/ober. It was found that 
POJ 2878 and Co 419 gave respectively 3 and 4 tons of cane more than 
January planted cane under similar soil conditions. 

Cttltttral treatment under sewage irrigation 

Under the conditions prevailing in the effluent zone, the necessity of 
timely cultural operations cannot be over -emphasized . The most important 
of these operations are tlie partial earthing up and earthing up. The first 
operation removes unnecessary rootlets (jarwa), loosens the top soil and 
secures better ventilation. It also brings some fresh soil from the ridge iK»>arer 
the root zone. Irrigation is given five to six days after this operation. Good 
effects are seen a month after this operation. The next oj)eration of earthing 
up is done when the canes show two or three well-developed nodes. During 
this o]X)ration the soil is loosened by picjkaxes which cuts off the unnecessary 
dead roots and rootlets while the loosened fresh soil from the ridge is shifted 
to the cane rows in the furrows. Thus, after this operation, the cane is on the 
ridge. This operation is started two days after the sewage irrigation is given 
which is followed by a light sewage irrigation (called bore padne) after four 
days. This latter imgation can be omitted if there are rains. TTiis operation 
greatly stimulates the crop later. It is shown by Regc and Wagle [1939] 
that this operation can be omitted for a sugarcane crop when the tonnage is 
about 40 or so. To test if this operation can as well be recommended for omis- 
sion by sugarcane growers in the effluent zone, a systematic experiment was 
laid out with important varieties and the results are shown in Table VIII. 

Tabue VIII 


Out-turn of Co 419 and Co 426 cane varieties under cultural treatment 


Ti'eatment 

Co 419 variety 
cano yiehl 

Co 426 
cane 

variety 

yield 

Co 419 
difler- 
eneo 

Co 426 
differ- 
ence 


In tons 

Brix 

In tons 

Bi'ix 

from 

tlie 

control 

from 

the 

control 

1. Partial earthing up and 

47*57 

21* 12 

42*70 

18*82 

12*59 

10*9 

earthing uj) 







2. No partial earthing up 

47*03 

20-63 

44*50 

18*83 1 

12*05 

12*6 

but only earthing up 







3. Partial earthing up l)ut 

36*27 

19*78 

34*90 

1 16*79 1 

1*29 

3*0 

no earthing up 







4. No partial earthing up. No 
earthing up 

34’ 98 

1 20*25 

i 

31*90 

17*87 

Nil 

Nil 

Significance figures Co 419 


i * * 



j 7*71 

i 


Significance figures Co 426 . 

•• 

1 

1 



! 

i 

i 

9*09 
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These results show the great influence of earthing up on yield and also on 
brix. Plate VI, fig. 1 (front view of the experiment) shows the difference of 
growth between earthing up and non-earthing up, fig. 2 shows the heavy 
lodging caused due to non-earthing up even for a 40-ton crop and fig. 3 is for 
Co 426 variety under similar treatments. These results clearly show that 
under the conditions prevailing in this zone this important operation lias to be 
done regularly to ensure a good crop. This system is closely followed by the 
irrigators on the Mutha Canals, specially of this zone, under the supervision 
of the staff of the Effluent Farm. 

Fodder CROPS 

Regular experiments were laid out in the same type of soil (G type) to see 
the out-turns of different fodder crops under sewage iiTigation. 

The out-turns are given in Table IX. 

Table IX 


Outturn of different fodder crops per ctcre 


Name of crop 

Canal irrigation 
under standard 

1 manure dose 
(lb.) 

i 

Sewage irrigation 
only (lb.) 

Remarks 

Hundi jowar* . 

1 

12,480 

33.661 

Hot weather fodder 

Nilwajowar* . 

. 27,736 

Nil 

Monsoon fooder 

Maize 

16,000 

33,000 


Berseem . • 

29,620 

31,160 

Considering six cut- 
tings 

Lucerne . 

26,040 

54,347 

For one year 

j 


*Andropogon sorghum 

The out-turn under sewage irrigation is more than double the out-turn 
under canal irrigation. 


Effect of sewage irrigation on soil 

The object was to see if any deterioration in soil tilth was noticeable 
under continuous sewage irrigation. For this purpose, careful selection was 
made of soils in the effluent zone, irrigated by canal water and under conti- 
nuous sewage irrigation for 20 years. Fig. 2 shows the exact position of pro- 
files examined. In all five comparisons were made. The results are riven 
in Table X. ^ 








Results of soil tests under sewage irrigation and canal irrigation alone 
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-Humus was estimated by Sigmond's method modified in this Laboratory, Soluble salts were estimated by Dionie water tester 
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The capillary rise tests in canal water and in N NaCl solution for profiles 
under canal and sewage irrigation show decidedly less difference between the 
two readings in the case of effluent irrigation. In (jertain cases, the capillary 
rise with N NaCl is slightly less than with ordinary water which show consi- 
derable soil improvement under sewage irrigation. The pW values were found 
out by antimony electrode [Puri, 1932] in distilled w^ater and in N KCl solu- 
tion and gave similar indications. The pH values are decidedly low in the 
case of sewage irrigated profiles, w hile the difference between distilled water 
value and JV Kf^l is small as compared to canal w ater ; this shows comparative 
deterioration under canal irrigation. The per cent calcium carlK)uate through- 
out the profile vary from 2 • 5 to about 4 • 5 wdth sliglitly more calcium (carbonate 
under sewage-irrigated profiles. The humus contents are also slightly more 
under sewage-irrigated soils as comj)ared to (?anal -irrigated soils under similar 
conditions. The total sohible salts show a little increase under sewage irriga- 
tion as compared to (janal-irrigated soils but this (|uantity is as good as we 
find in normal soils of the type. 

The exchangeable bases were found out by method advocated by Puri 
[1935, 1, 2]. Re})laceable calcium was also found out by improved acetate 
method as advocated by him. The results are given in Table XL 

Table XI 


ExcJmngeable bases under rami irrigaUon and setmy irrigation {rn. c. per rent) 


Profile 

INo. 

SoU 


(Wilder canal irrigation 


1 Cutler sewage irrij^atjon 

j 


depth 

(in.) 

Heplacc- 
«l)le JVii 
plus K 

Replace- 
able Mg 

Rcplacc- 

aldc 

culchim 

I’otul 

replace- 

able 

bases 

Ke])l{u*e- 
! able Na 
; plus K 

1 

]vepli»c(‘- 

1 abh' Mg 

; Replaee- 
; able 

1 calcium 

j 

Total 

replace- 

able 

bases 

J 


0— () 


6 60 

38-5 

49-69 

0-44 

9 • 32 

j 39-0 

44 -70 

1 


b lii 

0 • .^>3 

7-82 

39 T) 

47*89 

0 • 39 

0-18 

43 ■ 30 

49-84 



0-6 

U • H9 

0 • 80 

41 0 

48*79 

0 • 93 

9-92 

1 40*30 

92-39 

in 


0—12 

0*80 
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These results show that out of 12 cases, 10 show a gain in exchangeable bases 
in the case of sewage-irrigated soils. It also shows an increase in replaceable 
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calcium. The percentage of monovalent bases are very low in both, and spe- 
cially under sewage irrigated soils. These results indicate that calcium from 
sewage water (Table II) takes part in exchange phenomena and more calcium 
is made available under sewage irrigation. This point is under further investi- 
gation. However the results given do show that the soils in the effiuent 
zone have not deteriorated by sewage irrigation as is commonly believed. 

Miscellaneous 

In this zone, as the original potable water supply fronj wells, etc. were in 
danger of contamination due to the effluent irrigation, adequate pijMjd water 
supply arrangements have been made for drinking purposes from specially 
oonstructetl reservoirs for the purpose. 

Summary 

(1) A detailed description of the disposal of Poona sewage from the city 
to the pumping station, some three miles away from Poona, and thence to the 
cultivators’ fields is given. 

(2) The composition of Poona sewage is given, showing that it is a valuable 
and complete manure. 

(3) Out-turns of sugarcane varieties, specially under sewage irrigation are 
given which show that high yields are obtained up to 60 tons of cane j)er acre 
in the case of Co 419 variety and up to 60 tons per acre in the case of POJ 
2878. The latter (POJ 2878) is a better cane because of eixrly maturity and 
good quality of gul. 

(4) (a) Co 411 and (!o 419 are very good as plant and ndsali canes. As 
adsali plantation, cultivators prefer to grow also POJ 2878 and POJ 2883 as 
a mixture wdth Coimbatore varieties as it is observed that mixed crushing 
gives better quality of gul than with Coimbatore varieties only. 

(6) POJ 2878, Co 417 and Co 419 ratoons well under sewage irri- 
gation. 

(5) Necessity of proper cultural operations under sewage irrigation is 
emphasized. liarthing up and partial eartlung up operations are essential to 
maintain suitable soil conditions and get better retunis. 

(6) The out-turns from cane varieties and other fodder crops under sewage 
irrigation compare very favourably with the out-turns obtained elsewhere for 
similar crops under canal irrigation with bulky manures and artificial fertilizers 
[Vagholkar and Patwardhan, 1940] on sugarcane varietal trial, and of fodder 
crops as given in Bulletin No. 100 of Department of Agriculture, Bombay. 

(7) Soils of the type studied do not show any deterioration under conti- 
nuous sewage irrigation, provided suitable soil conditions are maintained ; 
on the other hand some improvement is noticeable which is shown by capillary 
rise, pH values and exchangeable bases. 
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Introduction 

T he most striking result of the researches of Pasteur in the last cmitury 
is perhaps the revelation of a world of miinobes incessantly at work 
taking part in all vital proc(\sscs in relation to the maintenance of life on this 
yilanet. Among the great variety of micro-organisms that arc responsible for 
the importrint processes in the soil, the nitrogiai -fixing organisms have fornu^d 
a subject of fascinating study. 

In the middle of the nineteenth century Boussingault suggesti^d that 
vegetable earth contains certain living organisms some of whicli take part in 

the fixation of nitrogen in the soil. Jodin [1802] tirst demonstrated that 

mycoderms growing in nitrogen free medium fixed nitrogen from the atmos- 
jihere. A few years later, Berth(dot [1885] announced that ho obtained 
increases in the nitrogen content of normal but not sterilized soils. He 
further showed that the rise in the organic nitrogen contiuit of soils left un- 
cultivated for a period of several months is due to the micioliial activity 
Still later, Hellreigel and Wilfarth [1888] discovered the iiodule-orgaiiisms, 
Rhizobia, in the roots of leguminous plants and showed that these organisms, 
in association with the leguminous plants, bring about nitrogen fixation. 

The above findings were soon followed by increasing evidiuice to show 
that nitrogen fixation in the soil was brought about by the activities of the 

micro-organisms present in the soil. Winogradsky [1893] isolated a new 

anaerobic organism from the soil, (Jlostridium whieli was found 

to fix nitrogen in the deejier layers of the soil. A more important discovery 
in this direction was that oi Azotobacter chroococcvm and Azotobacter agilis by 
Beijerinck [1901]. These organisms were isolated from soils and canal waters 
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find found capable of vigorous nitrogen fixation. Thus in the course of a 
few decades the process of nitrogen fixation in the soil by micro-organisms 
became an established fact. 

The most important conclusion respecting biological nitrogen fixation, 
which was arrived at by the beginning of this century, was that there are 
generally two classes of micro-organisms that fix nitrogen in the soil ; the 
one class, the non-symbiotic or the free living, having the inherent capacity 
of fixing atmos|)heric nitrogen in their l)odies, and the other class, the sym- 
biotic, working in combination with plants belonging to the natural order 
Leguminosae. Subsequent researches in this field have shown that the 
faculty of using molecular nitrogen is also shared by a few other higher forms 
of life! 

The role of micro-organisms in the fixation of nitrogen and its consequent 
infiuence on soil fertility and crop production w^as soon recognized. Since 
then a large volume of literature has grown up around this subject, but our 
knowledge of the Inochemical changes that lead to the fixation of nitrogen 
is still meagre. An attempt is made in this paper to discuss the more im- 
portant work done during the pa^st 40 years on this problem. 

Nitkocjen fixation in fkee-living uactekta 

Among the micro-organisms in which the powtu* of fixing nitrogen is 
manifested, the free living bacUTia constitute th(^ most important group. 
They occur generally in soils and grow under the sa-nu', (mvironmental condi- 
tions as the other soil bactiu'ia ; but unlike the latter, when an adequate 
supply of nitrogen is not available in the mediunn they liave the power of 
building their body proteins from the nitrogen of the atmos])hero. Two 
distinct groups have been recognized in this class of non-symbiotic bacteria, 
the aerobic and the anaerobic. Azoiobacter and Clostridim^ are the typical 
of these two groups of organisms, w^hich are widely distributed in nature. 
Owing to the fact that Azotobacter can be easily isolated from the soil and 
that it fixes comparatively large amounts of nitrogen in artificial media, this 
organism has been studied to the greatest (extent. 

Occurrence, morphology and structure of Azotobacter 

Azotobacter is generally present in soils w4iose y>H is not lower than 0 
[(hiinly, 1925] and is occassionally found to occur in the ocean and many 
fresh waters along with algae and other plankton organisms [Koutner, 1905']. 
Bergey [1930] classifies them into six distinct species, of which four only are 
frequently met with in the soil, A. cliroococc/imi, A. agile, A. vindandii and 
A. beijerinckii. He defines them as : ‘ Relatively large rods or even cocci, 
sometimes almost yoast-like in appearance, dependent upon the oxidation of 
carbohydrates. Motile or non-motile. When motile, with a single or a tuft 
of polar flagella. Obligate aerobes usually growing in a film upon the surface 
of the culture medium. Capable of fixing atmospheric nitrogen when grown 
in solutions containing carbohydrates and deficient in combined nitrogen 

A medium containing dipotassium hydrogen phosphate (0*2 gm.), magne- 
sium sulphate (()• 2 gm.), sodium chloride (0- 2 gm.), calcium sulphate (0- 1 gm.), 
ferrous sulphate (0*01 gm.), sodium molybdate (0*05 gm.) and manganese 
sulphate (0*05 gm.) along with 5 gm. of calcium carbonate and 10 gm. of 
sugar in a litre of media is used for isolation and study of the bacteria. 
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The colls of the different species vary in size, shape and other morpho' 
logical characteristics. Bonazzi [Hn5] has found that Azptobacter colls 
present a complex nature and different stadia of cytological make-up. The 
granules are of metachromatic nature and seem to h(i\e no relation to the 
reproduction of the cell. Lewis [1937] has distinguished volutin bodies, fat 
and metachromatic granules inside the cell. He has also shown that the 
symplasm is (jomposed of gum. Lohnis and Smith [1913, 1923] have suggested 
a definite life-cycle in its mode of reproduction, but adequate evidence on this 
point is still wanting. This organism dificrs from tlie sfdiizomycjetes in its 
morphological and cultural characteristics but is closely related to yeasts 
[Nicol, 1933 ; Riccardo, 1925]. The role of the various cell (amstitiuuits, more 
particularly the characteristic cell inclusions, in nitrogen fixation is not well 
understood. From an interesting biological study, using the respiro- 
meter technique, Iwaski [1930] has shown that on nitrogen-free medium 
cell multiplication may occur without nitrogen fixation, and conversely lutro 
gen fixation without cell multiplication. Whatever may be the undeilying 
causes, the dissociation of nitrogen fixation from cell multiplication and the 
possibility of obtaining storage of nitrogen compounds accompanied by 
increase in cell size without increase in nuntbers is an intiTesting phenomenon 
not before demonstrated. He has also distinguished thieve different phases : 
multiplication phase, fixation phase and storage phas(' as its eultui'al cliarac- 
teristics. 

Metaholism in Azotobacter 

(i) N'ldniiorial requirements. — The food requirements of this organism 
consist of a source? of energy, supply of oxygen, wadu and certain minerals. 
A variety of cairbon com])ounds, particularly th(‘ sugars, can serve as energy 
soar(‘e for tliis organism. HoAvever, it is genei’ally found that mannite is 
most efficiently utilized for jiitrogen fixation. Conflicting views are held 
regarding the relative nitrogen-fixing efficiencies of other carbohydrat(*f< 
[Krainskii, 1908 ; Sti'anak. 1908], The salts of a w ide range of organic acids 
arc also uscal as an energy source? l>y this biicf eria [(fuittormeau and Chevali(?r, 
1930] and among these? the sodium salts of lactic* and benzoic acids are found 
to be l)ctt(?r (?nergy sources for fixing nitrogen. There wns nearly a constant 
ratio l)etvveen the amount of nitrogen fixed ajid the heat of combustion of 
the fatty acids. Kuba. [ 193(»] has reported that tlie fatty acids of evei number 
of carbon atoms are more usefid for nitrogen fixation than the odd ones. 
In concentrations of the order of 9*05 j)er c(?nt phenol in the medium, the 
organism fixes 9-11 mg. of nitrogen per gm. of phenol oxidized [Cuittonneau 
and (dievalier, 1930] . The organism also uses the low er alcohols (for example 
ethyl alcohol) as a source of energy for nitrogen fixation [Mockeridge, 1915]. 
Some of the ty] )ical results obt ain(?d by using difli^rent carbon compounds 
are given in Table 1 [Mockeridge, 1915], 

It may be noted that in the above experiments the efficiency of nitrogen 
fixation is calculated from the amount of nitrogen fixed per gram of energy 
material added, without taking into consideration the amount of carbon that 
may have been utilized by tin* organism. It would therefore be useful to 
find out the nitrogen-fixing eflfici(uicies of the different carbon sources as a 
ratio, N fixed /C utilized x time. The probable relationship between this 
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efficiency and the nature and configuration of the different carbon compounds 
used may throw light on the role of these compounds in nitrogen fixation. 

Ranganaftian and Norris [1927] have shown that within certain limits 
the amount of nitrogen fixed is proportional to tlu^ concentration of sugar 
present in the medium. Bonazzi [1921, 1924] differentiated between ' ferment 
power ’ or first stage in the growth of the organism when nitrogen assimila- 
tion is at a maximum and the second or maintenance phase. During the 
S(^c.ond stage the carbohydrates are actually reworked, partially burnt to 
liberate energy and partially utilized in the building up of soluble products. 
During the early periods of growth a unit of cellular substance could utilize 
ill a unit of time 5*45 units of sugar and after an incubation period of 30 
days only 0*28 units of sugar. Very small concentrations of sugar of the 
order of 0*01 per cent are, however, utilized more efficiently for nitrogen 
fixation than the higher ones [Truffaut and Bezssonov, 1922]. 
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It is of interest to note tliat the utilization of energy material in relation 
to growth and nitrogen fixation by Azotohader is nniqnc. The quantity of 
nitrogen fixed for every 100 gnu of glucose utilized has not Ix^en more than 
1 gm. even under the most favourable conditionB ; whereas under thermo- 
dynamically ideal conditions when all the (uiergy of sugar decomposition is 
used for fixation only 1 • 34 mg. of glucose is necessary for fixing 1 mg. 
of nitrogen. Burk has also shown that whetlnn* it fixes nitrogen or not, the 
organism uses the same amount of carl)ohydrate to |>roduc(‘ 1 gm. dry weight 
of cell substance. He has found that in low oxygen tensions, Azotobacier 
uses the carbohydrates morc^ effi(t(‘-ntly for nitrogc^ii fixation. At O-OOl atm. 
oxygen the organism uses only 1 gm. of sugar to })rodu(-e 1 gm. dry weight 
of cell substance, whereas in most aerobic organisms, such as yeast and bacte- 
ria, 5-10 gm. of sugar is used to produce 1 gm. dry weight of cell substance. 
Perhaps, Azotobacier normally uses oxygoji greatly in excess of its metabolic 
needs and its e^fFiciency is tlierrdore raised by decreasing its oxygen consump- 
tion and incr(\asing its growth rate. It would appear from iiie above that 
although consumj)tion of a large quantity of carbohydi'ate occurs during 
fixation, it need not be because of nitrogen fixation. Th(‘ role of carbohydrate 
in nitrogen fixation is still awaiting solution. 

Celluloses and hemicelluloses are not directly utilized by Azotobacier 
for nitrogen fixation ; but tliese can serve as food material wlien the organism 
is grown in association with cellulose-splitting organisms [Koch and Seydel 
1912; McBeth, 1914: Tuorila, 1938; Deehm' 1932 ; Buckstag, 1936; 
Skinner, 1930). Vandecavye ei al. [1934] have shown that the soil organic 
matter is also utilized by this (organism for* nitrogen fixation. Lipman and 
Teakle [1925] have found that the soil solution is more potent than the resi- 
due. 

Soil humus in small doses exeut-s a stituulatory influence on the organiim 
for nitrogen fixation [Voi(*ii et ah, 1930]. Th(^ elTeet is proportional to the 
conceiitratiou up to a limit, tln^ optimum ))t‘ing 50 p p.m. Iwaski [1930] 
and Voicu [1930] luive suggested that f he stimulation of nitrogen fixation by 
humus is pr()l)ably due to the lowering of oxygen tension and consequent 
slowing up of oxidation and that the efToct may be more on assimilation of 
nitrogen than fixation. Burk d al. [1932] explained the ofToi't as duo to the 
presence of iron in a more suitalrlo organic combination in humus. 

Itano [1925] and Boitomloy [H929] have shown that vitamin B^ and 
phytonncleic? acid present in peat stimulate growth and nitrogen fixation by 
Azotobacier ; and a number of other workers [Reed and Williams, 1915 ; 
Moekeridge, 1915; Hunter, 1922; (iuittonneau and Cdievalier, 1936] have 
reported that the presence (d chemicals sii(*h as allantoin, urea, esculic acid 
and quinic acid depress nitrogen fixation. 

In addition to energy su])ply some minerals in optimum concentration 
are also found to l>e necessary for the grow th of Azotobacier. and a few^ among 
tliese are specific for nitrogen fixation. Tlio presence of manganese in avail- 
able form is found to stimulate nitrogen fixation ; Gregario [1916] and 
Rocasolana [1938] have found that it acxolerates the process in increasing 
concentrations iipto an optimum limit of 0*9006 Mn ion per 100 c. c. when 
three times as much nitrogen is fixed as in its absence. Bortels [1930, 1936] 
^nd Nilsson [1936] have reported that minute quantities of molybdenum and 
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vanadium exert a definite influence on nitrogen fixation, probably they act 
as oatalysers. Concentrations of 1 in 50 million molybdenum and 1 in 100 
million vanadium increase nitrogen fixation by Azotobacter hundredfold ; 
and the presence of Wolfram somehow increases their favourable effect. 
Molybdenum has no influence on the growth of this organism in combined 
nitrogen [Burk and Homer, 1936, 2], if Ng gas is absent from the medium. 
From this and other physico-chemical evidence adduced by Burk [1934] it 
is clear tliat molybdenum (replaceable by vanadium) is specific for nitrogen 
fixation. 

Phosphorus compounds have been found to accelerate the activities of 
this organism, but the quantities required are very small ; 1 p.p.m. is suffi- 
cient to permit growth and nitrogen fixation in tliis organism [Horner and 
Burk, 1934]. 

Horner and Burk [1934] have made a detailed study of some of the other 
minerals necessary for growth and nitrogen fixation in Azotoha^ier. The 
results are given in Table II. 

Taule II 


Min oral 


Minoriil raqiiiriananfs of tin' organism 
(in m. mol) 



In freo nitrogim 

! In cornbinod 



nitrogon 

Caloiiirn ...... 

^.5x10-' 1 

I 

Negligible 

Magnosiurn ..... 

2—6x10-2 

1 2 -CxJO- 

1 

Iron ...... 

— !• U-Ox 10-2 

11— 1-6x10“ 


It is clear from the results that the requirement of calcium is quite charac- 
teristic of nitrogen fixation in Azotohacter, since the need for this clement is 
negligible when the organism is not fixing nitrogen ; it lias also been shown 
that calcium can be replaced by strontium [Burk and Lineweaver. 1931; 
Burk, 1932 ; Homer and Burk, 1934], It would appear from the above that 
the element calcium or strontium has a definite role in the mechanism of 
nitrogen fixation by Azotobacter. 

Iron has a favourable influence on the fixation of nitrogen by this or- 
ganism [Kaserer, 1911; Sohngen, 1913; Reiny and Rosing, 1911; Blorn, 
1931]. But the more recent evidence on this point would show that apart 
from the stimulatory effect that iron exerts on respiration, it plays no sjiecific 
role in the mechanism of nitrogen fixation [Burk, 1934], 

In addition to these, a number of other elements have also been studied 
in this connection. Among these mention may be made of the uranium 
compounds [Kayser. 1921, 2 ; Kayser and Delaval, 1924, 1925; Stoklasa 
st oX,, 1928] ; oxide, nitrate, acetate and the naturally occurring uranium 
mineral from Belgian Congo are found to exert a marked influence on nitro- 
gen fixation by this organism ; thus a concentration of 1 in 60,000 of uranium 
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in the inodium increases nitrogen fixation 30-100 fold. Further work is 
jiO(;esBary to explain the marked iiceelerating effect of the minerals, ospecially 
compounds of nianganose and uranium on nitrogen fixation. 

(it) Respiratioti . — The respiratioji of tliis organism is depondent on 
the presence of sugar in the medium, l)cing 10-15 fold more in its 
presenc^e than in its absence. Stoklasa [lOOOJ was tlie first to observe 
tliat AzotoharUr lueathos at an enormously higli rate. The relation between 
oxygen pressure and oxygcm uptake is uni(|iio in Azotobacter ; thus the rate 
of respiration is maximum at 0*15 atmos. and diminishes on each side of this 
value boijig 1/3 at 0*005 atmos. and also at 1*0 atmos., the decrease between 
0-2 and 1-0 atmos. being linear. Tlie changes are immediato and reversible. 
This is in sti iking contrast to most of the c-ells and tissues liitherto studied ; 
the respiration of yeast for example being independent of oxygon pressure 
between 0-03 ajul 0*07 atmos. Tlie res|)iration per unit dry weight of the 
organism has a value QO^ [Meyerhofl‘ and Burk, 1028], wlieroas it in 1/25 
this value in other forms of bacteria. This rate subsides markedly with 
increasing age of the culture medium. Narcotics and H( 'N act similarly on 
respiration rate as with other (jells. From c.alorimetric studios Fife [1931] 
lias shown tliat the rate of respiration remains (constant over long periods 
and that during nitrogen fixation the 0/N ratio effecting maximum respira- 
tion is the same as when the organism grous in a nitrate medium. The 
results being not in full accord witli thostJ of Meyorlioff and Burk, further 
(confirmation is necossary before any definite con(*lusioMS can bo drawn from 
bis results. 

Burk ei al. [1932. 2] have shown that respiration is a reversible function 
of pH (optimum at 7*2 and limits at 5 and 9) and temperature (optimum at 
34 and limits at 10 and 50). Tlio temperature characteristic of respiration 
for Azotobacter vinelanclii is 19*330±0* 115. Lack of car])ohydrate or 
oxygen eaus(3s litth^ permanent injury to respiratory enzyme. Catalase 
activity is optimum at neutrality but is insensible to acidity or elevated 
tern flora turo. 

8peetroscopic examination ol‘ Azotobacter cells reveals a respiration 
mechanism similar to that ascribed to aerobic (cells. Koilin [1933] has shown 
tliat the Fe (X)mpound is the O transporting onzymo and the Fe|f and Fef ff 
being tlie cytixchrorne components. With oxidation there is a shift of the 
band from 1)32 to 647. A band at> 630 which fades on shaking witli O,, and 
reappears on reduction is due to Fe|t component in tlie pigment. 

Nogolin et al. [1934] have studicHl the shift of bands in relation to narcotics. 
In spite of its liigh respiratory (jnotient, the O transporting enzyme is not 
affected by carbon monoxido [Koilin, 1933]. The respiration rate is sensitive 
to HCN and Cu ; with tlie foriiior the eflbct is reversible, but with the latter 
the Cm ion forms a solid compound with the cell substance. The effect of 
(hi on respiration is more marked when the culture is placed for a sliort time 
under O 2 deficiency than those having plenty of Oo- 

The respiratory enzyme band being in the red region at 632 instead of 
at yellow, is unique in Azotobacter, Smh bands are never found to occur in 
the phoohomins, but occur in the group of (compounds which result when 
Mg of cldorophyll is replaced by F(\ In view of tlio close similarity of the 
enzyme band with that of clilorophyll, it is proliablc that this enzyme plays 
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an important part in tlio fixation of nitrogen in the same manner as the chlo> 
rophyll (loos in the fixation of carbon (liiring photosyntliesis. Furtlier work 
on those lines wouki load to results of groat vaJuo in understanding the 
mechanism of nitrogen fixation. 

(in) JiJii'idnmmental ror/rfi/z/o//,??.— Tlio in*tivity of Azotobacter and its 
efficiency for nitrogen fixation are also dopondent on the reaction of the media, 
temperature and air supply. 

In general a reaction below (UO and above i/H 9- 1-9* 6 is not favour- 
able to tlio growth of AzotobacUr [Wonzl, 1934, 2 ; Martin and Brown, 1938]. 
The optimum for growth is very near the (>{)timum for fixation [(!ainey and 
Batchelor, 1922 ; Clainey, 1923] and is diffi^ront for the difteront species 
[Bndres, 1934 ; Willis. 1933, 2]. 


Table III 


8p('ci('s 

1 1 

1 Optimum pH 

1 

Limiting pH 

Chrorjcoccuni ...... 

7* 45-7* 00 

1 5*8 

B('ij<'riiKkii ...... 

()-65-6'75 

5-8 

V ill eland ii ...... 

7- 50-7 -70 

1 

5' 9 


Thus the activity of tlie organism in tlio soil is inliibitod by acid root 
secretions from the roots of plants such as maize and wlioat [Slielonrnova and 
Monkina, 1935]. Starkey and Do [1939] have isolated a new species of AzotO' 
bacter from soils of India which are add in reaction (pH 4 *9-5 *2). Alston 
[1930] has also reported the jirosonce of a unique strain of Azotobacter 
in Malayan soils, which van tolerate pH 3-0. 

There is a marked influonco on the amount of nitrogen fixed per gm. of 
mannitol oxidized when the cultures of Azotobacter are exiioscM to ligldi of 
different colours ; in general yellow light is better than blue [Kayser, 1921, 1 ; 
Itano and Matsiiura, 1935], The fact that the organism fixes nitrogen even 
in darkness shows that the light does not play any fundamental role in the 
fixation of nitrogen ; nevertlieless it c*ontributes in some way towards ac-ce- 
leratirig the process. It would be of interest to find out the mechanism by 
which light of different wave-lengths thus stimulates nitrogen fixation. It 
has been claimed by Stoklasa el al. [1928] and Kayser and Delaval [1924, 
1925] that (exposure to radio-activity increases nitrogen fixation by Azoio- 
bacler ; in the former case l)y jjassing a cuiTont of ac tivated air through the 
culture and in the latter by addition of a powdered radio-active mineral. 
Sotklasa and Kricka [1928] have showui that P> and y rays depressed the 
transformation of nitrogen into nucleo-proteins and albumins in the cells of 
Azotobacter, while radium emanation lias the opposite effect. 

Tlio organism grows and fixes nitrogen between temperatures 10°C. and 
50®C., the optimum being 34-35°C. This value is dependent on pH and 
O 2 tension [Linewoaver, 1933]. Omeliansky [1915, 1926] has shown tluit 
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the organism can withstand long periods of drouglit. It has boon recorded 
tluit nilrogen (ixatinii by Azoiobader in tro|)ics takes place at 35^0. [Dliar 
and Tandon, lIKMij a,nd in the Arizona soils at 32 - 0 *^ 0 . LGroone, 1032]. 

Aeral/ion of the iiicdinm fa(*ilitatos nitrogen fixation by Azoiobader 
[Ashby, 10o7 ; Hunter, PJ22j ; tinis in a sand inodinm the organism fixes 
more nitrogen tlmn in li^juid medinm [Krainskii, 1010, 1912]. This may be 
duo to qnicker oxidjition of’ the sugar, wliich from the point of view of effi- 
ciency may not ])e rjcc(^ssary. 

’Jdio presences of' other orgatiisms in the medium in wlficdi Azoiobader 
grows has boon found 1o exert a stimulating infiuonoo on nitrogen fixation 
by this orgjnnsin. Thus, in 1h(^ |)resence of (u) ba(*teria, granulobacter , aero- 
hader, riidiohader and psuedonamas radicicol/f IHcnjorinck and Von Deldon, 
1902; I>ottoinloy, llhloj, (b) prob^zoa, amoeba [Kovats. 1928; Vino- 
gi-adova, 1<)2<S] and (e) algae such as. oscillaria, gleoscapsa and chlorella 
[Monechikovoslvy, 19331. Azoiobader fixes more nitrogen. Throe times as 
mucli nitrogen is fixcKl in prosen(;o of aerobacter aerogenes [Kalantarian and 
Panassiaan 1030] and in jnosenec of pseudomonas radicdcola there is two- 
fold increase in the amount of nitrogen fixed per gm. of sugar consumed 
[Pottomloy. 1010]. Hanzawa [1914] has found tliat mixed cultures of different 
spocios ot Azoiobader possess a. stronger nitrogen-fixing power than the 
in(li\ idual strains. 

[iv) 1 vfluince of combined nilrogen on nitrogen fixation. — The study of 
the fixation of jiitrogen in media containing combined nitrogen has shown 
tliat fixation of elonumtary nitrogen is resorted to by the organism only in 
the absence of suffieient amounts of available (!oud.)incd lutrogen in the 
medium (Zoond, 1920 ; Fuller and Rottigor, 1931], the equilibrium concen- 
tration of rapidly available combined nitrogen required to inhibit nitrogen 
fixation is (Lo mg. per 100 c. e. [Burk and Lineweavor, 1930]. From a study 
of fb('. uitrogcu changes ])r(>du(*ed by Azotobacter in media containing different 
nitrogen conijiounds, Thompson [1934] has shown that they are first converted 
into ammonia before they are utilized by the organism. 

By ]‘e{)ea,te(I culturing of Azotobacter in a inedium contaijiing sodium 
benzoat(> it has l)een possible to evolve a strain of the organism whiclt can fix 
nitrogori even in the presence of combined nitrogen in the medium [Remzor, 
1938]. T] o nitrogen-fixing capacity of the organism is suppressed by grow- 
ing it- for loi!g periods in media containing potassium nitrate [Stumbo and 
Oainey. 1938|. In tliis connection it would bo of great interest to study tlie 
change in tlio azotase system under t-ho above methods of culturing the 
organism . 

(c) Prod ads of nietabolisrn. — In dextrose media. Azoiobader produces 
formic, acotua lactic', and tartaric acids and ethyl alcohol, a largo i)art of it 
being (‘onverted into carbon dioxide [Raiiganathau and Norris, 1927 ; Aso 
et «/., 1932]. Pthalic acid lias also been detected in Azotobacter culturcxs 
[Aso, et a/., 1932]. Sifired and Anderson [1930] have found that a mixture 
of sterols allied to ergosterols and the water-soluble vitamin are elaborated 
by this cuganism in culture medium. As compared with other tyyx^s of soil 
bacteria tiucro is nothing unique in the products of metabolism of this orga- 
nism. 
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The various physiological functions (respiration, growth and efficiency) 
being quite similar when the organism grows in free or combined nitrogen, 
no conclusion can bo drawn from these on the chemical mechanism of nitrogen 
fixation. 

Chemical analysis of Azotobacter cells 

In general the composition of the cells does not vary greatly from that 
of other common bacteria. The cells consist chiefly of carbohydrates, proteins 
and a small percentage of minerals. The proportion of these various consti- 
tuents vary with the different species as also with tlio physical condition of 
the medium in which the organism is grown [Hoffman, 1913 ; Omeliansky 
and Seibor, 1913], 

(?*) Nature of 'proteins. — A typical analysis of the cells with special reference 
to the proteins [Greene, 1935] is given in Table IV. 

Table IV 

As ])orcontago on dry As percentage on total 

. ccJl rnatorial . 


Specie vs 

! 

I Carbo- 
i lij^dratc 

Protein 

Ash 

Amide 

N 

Hum in 
N 

Basic 

N 

FiltroU' 

N 

A. cliroococcuw 

, 

1 62-34 

25-00 

4-00 

17-90 

9*62 

20- 00 

52-50 

A. heijerincki 

1 64-72 

24- 68 

4-05 1 

18*25 

i 13*67 

25-94 

1 

42*03 

A , . agile 

1 22-09 i 

61-19 

7-55 

13-42 

' 13-18 

26- 90 

45- 77 

A. vinelandii . 

25*67 : 

52- 25 

! 7-66 

20- 36 

00 

i 

! 22*22 

41*50 


The Van Slyke analysis of the proteins have shown that in general the 
cells contain a large amount of arginine varying from 16 to 20 per c^ent. 

It is evident from the table that there is a close similarity between chroo- 
coccum and beijerinchi on the one hand and agile and vinelandii on the other 
with regard to their general cJiomical composition. Althougli more of carbo- 
hydrate is synthesized by the first two, they fix comparatively leas amount of 
nitrogen than agile and vinelandii. It would a])pear from tlie above that 
carbohydrate elaboration in the cells of these organisms lias no significance 
in nitrogen fixation. 

Hoffman and Hammer [1910] have found that the amount of nitrogen 
in dry coll material in(;reaso(l as the incubation period advanced, being 1*88 
per cent in seven days and 2*84 in 21 days. This shows a very high content 
of non -protein material which though not in agreement witli Stoklasa was 
confirmed later by Omeliansky and Seiber [1913]. 

It has been found that tlie proteins of Azotobacter form a bettor source 
of nitrogen for alcolioli(; fermentation [Kayser, 1921, 1]. The close similarity 
in the amino add make-up of Azotobacter proteins and tliose of leguminous 
plants [Greaves and Reeder, 1935] would suggest that there is some paralle- 
lism in the fixation and assimilation of nitrogen in those two systems. A 
comparative study of the proteins formed by this organism when grown in 
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media containing free and combined nitrogen has not so far been attempted. 
A study of the change in the complexity factor of tlie proteins of Azotobacter 
at various stages of growth and nitrogen fixation in those media would throw 
light on tlio chemical steps through which tlio protein is synthesized in this 
organism. 

(ii) Slime production —When grown in culture jiiedia this organism pro- 
duces a charac^teristic slime ; the slime is essentially a cjarbohydrate, levoro- 
tatory, resistant to hydrolysis by acids, and belongs to the class of true gums 
[Sanborn and Hamilton, 1929]. The production of gum varies in the different 
species and is increased by having more complex carbohydrates in the medium 
[Hamilton, 1931]. 

The role of slime in the mechanism of nitrogen fixation is not very (;iear. 
Bhaskaran [1936] has shown that the colls and slime of Azotobacter exhibit 
definite and unique C/N relationships during the growth of this oiganism in 
culture media. The greater intake of carbon by the cells and sliim*- produc- 
tion during the early stages of groAvth would suggest that the formation of 
slime is a necessary precursor for nitrogen fixation which follows later on. 
A study of the change in C/N of the ba{‘ierial cells freed from slime would 
throw further light on this point. 

Burk [1934] has observed that high nitrogen pressure is nocessarv for 
the enzyme catalysis resulting in the fixation of nitrog(ui ; thus a concentra- 
tion of 1*() X lO™*^ M of nitrogen is necessary iii the inodiinn fi>r s\iccessful 
enzyme action. The solubility ofnitrogen gas in water l)eing very low, it is 
probable that the slime may serve as an eflicumt modhim for adsorbing the 
nitrogen gas before it is fixed. In view of tins, it would bo useful to study 
tlio solubility of nitrogen gas in the slime, ddie prodin tion of slime when 
the organism grows in a medium containing combined nitrogen (when the 
organism fixes no N) is also a point of great interest. 

{Hi) Pigment forwaium. — With agoing in the culture nu^diuin the different 
species of Azotobacter form characteristic pigments ; A. chroococcum forms 
a brown pigment, A, agile a fluorescent dye and d. an yelloW', 

water-soluble greenish fluorescent pigment similar to tho flavno pigments 
etschenko, 1930 ; Ellingor and Koschara, 1933]. Pigment iormation is 
greatly affected l)y tho nature of tho nutrients present in the culture media : 
th(^ proseiu^e of dextrin, chalk, (Ja(N03)2 and iiuTcased air supply facilitate 
its formation ; and traces of MiiS04, Zn804 and exposure to ultra-violet rays 
induce early pigmonlation and shorter life in tho orgauism [Omeliansk yand 
vSeuerova, 1911; Hills, 1918; Colley, 1931; Itano and Matsuura, 1935]. 
In tho case of A. vinelandii, pigment formation takes place oidy in pmsenco 
of glycerine in the medium. The presence of small amounts of acetone in 
A. chroococcvni and sodium acetate in the (‘aso of A. agile inhibits pigment 
formation [Wenzl, 1934, 1]. 

The pigment is a melanin of unknown nature formed from tyrosine by 
the action of tyrosinase [Umgewer, 1934]. The significance of this charac- 
teristic pigment formation in the life of the organism is not very (dear. Pro- 
bably witii advancing age and death of the organism, conditions in tho (^ell 
are rnado more favourable for tho action of the tyrosinase prt^sent in the 
system to convert tyrosine into melanin, -thereby conserving the nitrogen in 
the more resistant form in nature. 
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Biochemiml rmchanism of nitrogen fixation in Azotobactor 

Our kriowledgo of the biochctiucal niechanisiii by wliioli the orga-iiism 
fixes iiitrogou is still inoagro. The work done so far in tyhis diroetion can be 
convoniently dealt with under the following heads : — 

(i) First demonstrable chemical step in nitrogen fixation, — Various nitro- 
genous coinpouiids have been detectocl in Azoiobacler evdturos fixing nitrogen 
and these have been supposed to bo the first iritorjnoiliatc ])roda(^t in niti’ogon 
fixation . 

Gautier and Drouin [1888] and Bonoina [1003] wore first to suggost that 
fixation takes place by direct oxidation of the fr(H^ nitrogon to nitrates A 
few workers have also detected nitrate in cultures ; but it has been shown 
that the phenoldLsulphonic acid test for nitrates which tlioso workers liave 
adopted is not reliable because of the presence of pigments [Kedlorniaii and 
Smith, 1912]. A number of workers ha\a> also subset pient ly failed tv) detect 
the presen(;e of nitrates or nitrites in the modiuiu in \\iii(*li fixation tool; jilac^o. 
Direct experimental proof in support of oxidation of nitrogon to give oxides, 
NO 2 and NO3, is still lacking. 

The presence of ammonia lias been d(d;0(;tod in Azoiohacier tuilt'ures l>y 
a number of workers and this is generally (^onsiden^d to bo tlio first desnous- 
trablo stage in nitrogon fixation [Kostychew and Ityskniltcliout, l‘)2o ; 
Ranganathan and Norris, 1927; Halverson, 1927]. Wieltnd [11)22] con- 
sidored that the action of liydrogon acceptors formed in the c(dls of nit rogen- 
fixing bacteria does not depend upon oxygon for hydration but u|)on inoh^- 
cular nitrogen with which it forms ammonia perliaps tlirough the iiydrazinc 
stage in a manner similar to Haber process. Winogradsky [1930, 1, 2] Inis 
demonstrated the formation of ammonia ))y an ingenious cult tiro tiU’lini(juc, 
using alkali salts of organic a.cids as iintriont fi>r the oiganism. Ivostxchow 
et al. [1926] have adduced evidence to show tliat the fixation in Azolohacfer 
is an extra-cellular redin-tiou progress an<l Winogniflsky [ 1 932 1 !ms further 
suggested that the animonia is formed by the codion of a n enzy me -a- doliydro • 
gonase — with the aid of a eatalysor, p6rha])s by synd)iotic iictiou. Kos.tic]iov 
et al. [1926] and other workers have (r)nfirmod these finvlings. Uy mixed 
culture studios of Azotobacter and other ammonia utilizing (vrganisms, like 
mycoides, in nitrogen-free media, Novognidskii [)933] lias adducod 
additional evidence for the formation of small quant ities of ammonia, iu tlio 
medium. 

This question of ammonia formation has attiMctc.d much attention iu 
recent years. Burk and collaborators [1935, 2; lt)3r). l| ha\a) criti(*a,lly 

examined the origin of ammonia detected by those workers and Inu o come 
to the conclusion that tliis is due to the secondary oxidative do-amination 
of the bacterial protein whiidi takas place in the medium side l)y side uitli 
nitrogen fixation. Isakova [1933] has shown that th(3 amount of ammonia 
formed in the prosenco of glucose remains foirly constant witli negligible 
variation, but increases after glucnso <lisiippearanc.o and tliat this ammonia 
production is more marked in acid (-ulturcs dra^ to avd-olysis of cells, ]>ut, 
on the other hand, a number of workers haanc. reported tliat tliis seeonda]‘y 
ammonia foiauation does not take ])la(*c iu {m^simcc of sugar in the medium. 
In view of the above cojiflicting evidence it would difficult to draw any 
definite conclusion in regard to the origin of aiiunonia in the cultures. 
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By means of in vitro experinients using Pi and Pd as catalysis Knoop 
[1927] has suggested that where kotonic; acids and ammonia meet in tlie coll 
under conditions favourable for hydrogenation, amino acids are formed very 
readily. 

Hydroxylamino, hydrazine and amide iiave been ro|)ortod from time to 
time as the first intermediate stage in nitrogen fixation, and among tlioso the 
hydro xylarnine theory needs scmie (jonsideration. Blom [19‘U] from tluioroti- 
cal considerations has suggested that hydroxylamino is first formed with Fe 
as catalyst. In the light of tliis theory he has explained the checking a(*tion 
of NO 3 and NHg on nitrogen fixation. The comhision ariivcd at by Burk 
n'.garding the non- 8 pecifi(*ity of Fe in fixation would suggest that Blom’s idea 
of iron (catalysts requires revision. 

Recently Endres [1934, 1 , 2 ] has adduced further evidence in sup[)ort of 
the hydroxylamino theory. In lactate cultures ho lias detected I 2 y of 
hydroxylarnine. He has shown tliat this is formed by tlio hydrolytic decom- 
position of oximes. In Azotobacter cultures fixing nitrogen tlio oxime con- 
centration increases from 0*5 to 12 ml/litro in 72 liours [Endres, 1934, 3 ], 
whereas in the absence of elementary nitrogen there was no increase in the 
oxime concentration. I^y studios in nitrate cultures, Endres and Ka-ulfmann 
[1938] have further suggested a scheme of formation of oximes and amino 
acids from NHgOH as follows : 

NOa ^ : C : : C : NH — > ( Nil, 

On the otlier hand, Burk and Horner [1935, 1 ] liavo rejiorted that th(^ com- 
pound NH,()H and oximes beyond 3 mg./litn^ are toxic to the growth of 
Azotobacter and that NIL, OH is not prodiu‘od in nitrate cultures. 

Direct union of nitrogen with carbon compounds to form amino acids 
has also recauved some attention in recent times. number ol‘ wo]i<(^rs 
[Waynick and Woodhouse, P922 ; Halverson. 1927 ; Kumagawa, 1928] 
have detected amino acids in Azotobarytvr culture media. Among tlu'se the 
observations of Virtanen and Laine [1938] are interesting. By aimlog\' from 
legume fixation and as a result of direct experiments witli Azotobacter. ho 
has siiggosted that asparatie acid is formed lieforo a-mmonia in the medium, 
the asparatie acid being formed thi’ougii the oxime of oxabacetic acid. Dircct 
experimeut al evidence of its formation has been adduced liy analysis ol cop})er 
salt of tlio oxime and oxyacids have also been detected in cultures. Tlie 
asparatie acid thus formed later on yields ammonia. Tliis the^^ry sgrocs 
with the oxime thoorv of Endres and also accounts for the ammonia, formed 
in culture media. From the evidence so far available it would ap[)oar tliat 
this is the most probable mochanism by which the N 2 moleculo is fixed liy tlio 
free-living bacteria, iiovertholess conclusive evidence on this iioint is still 
wanting. 

{ii) Enzyrne ^systems. — Bakh [1934] imidc a sensational aiinouiu'oment 
that the liipiids eontidning the enzyme obtained by filtering Azotobacter 
cultures at 300 atmosplieros tbrougli (Tuimbcrland L 3 (‘audios fixes atmos 
phoric nitrogon in presence of sugars. His n^siilts are jiresentod in Table V. 

The results vsliow' fixation of nitrogon in (‘oll-free cultures. Tliis observa- 
tion has not boon further coufirmod. The present avitliors have obtained 
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evidonco (unpublished data) to show that cells treated witli antiseptics, 
chloroform and toluene, fix considerable amounts of nitrogen in sugar media. 

Table V 

Amount of nitrogen fixed by Azotobactor cultures 





Nitrogen in mg. 



Tilin', in clays 

1 

1 

Control 

Glueoso 

Maiuutol 

0 . 

1 

1 

( 

1-976 

■ 1 

. . 

9 . 


2*783 

14-683 

10-645 


Certain amount of definite information is available regarding the j)ro‘* 
perties and behaviour of the enzyme system fixing nitrogen in Azotobacter 
colls, as a result of the researches of Burk and (?o*workers. Tlioy Jiave studied 
the enzyme system by means of the well-known Warburg manometric; techni- 
que using living cultures of the organism. The studies have betm made with 
special referem^o to the auxiliary substances and environmontal conditions 
necessary for tlie enzyme action. The properties of the enzyme have been 
defined on the basis that the matabolic activities of the organisms obtaining 
their nitrogen from nitrogen gas are specifically ascribed to tlie fixation ])rocess 
and that the organisms obtaining nitrogen from combined nitrogen do not 
behave similarly. 

Burk and co-workers [1934, 1, 2, 3] have considered the enzyme system 
fixing nitrogen in Azotobacter as a phyo— enzyme (an enzyme whoso activity 
is correlated witli the structure of the living cell to the extent tliat the velo- 
city of formation of the in tra- cellular products parallels a,nd is normally 
measured by the velocity of growth) and has named it as azotaso. 4dio 
specific component within the azotaso system which combines with the JNg 
molecule is termed iiitrogenasc, (E). The fixation of nitrogen at ordinary 
temperatures and pressures by AzoU)bacter, as a function of the nitrogen 
pressure, corresponds to (me Ng molecule (xniibining reversibly with one 
enzyme molecule E (iiitrogenase) to form a compound NgE wiiiivfi later reacts 

to yield protein according to equation, Nj>E P [Line- 

weaver et aL, 1934]. Tlie thermodynamic dissociation constant of the above 
reaction, KNg iU^] [N 2 ]/[N 2 EJ) has boon found to bo ()• 215ii:0‘002 atmos- 
pheres. This corresponds to l-64x 10~^ M of dissolvcxl nitrogen gas in tlio 
medium at 3PC. Compared to most other enzyme reactions in which 
gases are involved, such as photosynthesis and respiration (where ifcC 02 
and are of the order of 10"® atmospheres), a large nitrogen pressure 
appears to be needed for enzyme reaction. 

From energy considerations and entropy they have shown that the 
decomix)sition of NgE is a bimolecular reaction and only a negligible fraction 
of the total amount of carbohydrate is used for nitrogen fixation by the enzyme 
system under thermodynamically ideal conditions, thereby showing that 
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probably carbohydrate plays no role in the enzyme mechanism of nitrogen 
fixation. The relationship of the dissociation constant under varying condi- 
tions of enzyme action would point out that more than one active inter- 
mediate is not formed in the system. The free energy of dissociation of N 2 E 
has been found to be 100 — 1,000 calories. 

The dissociation constant is quite characteristic of the reaction of the 
medium, being independent of the following factors : concentration of calcium, 
oxalate, iron and indifferent narcotics such as alcohols urethanes and urea 
derivatives ; pressure of oxygen ; temperature ; pH ; and certain physiolo- 
gical factors such as the species of Azotobactcr, concentration and age of the 
culture. The concentration of calcium, strontium, oxalate and pH are known 
to bear a specific relation to the mechanism of nitrogen fixation as distin- 
guished from growth. Nitrogen fixation by azotase decreases from a maximum 
at pH 7*8 to a zero limit at 6 *97 ±0*02, and irreversible inactivation occurs 
only below pH 6*0. The rate of decomposition of fixed nitrogen decreases 
from a maximum at pH 7*8 to a limit at pH 4-5. The rate of O 2 consump- 
tion as function of pH is similar in type. The pH value for fixation is a 
characteristic constant independent of other reactions. Results on the study 
of phase changes with special reference to azotase activity in relation to pH 
would suggest that the nitrogen -fixing system is a two-component hetero- 
genous system of three phases in equilibrium at a critical pH. 

They liave also adducted evidence to show that Ca replaceable by stron- 
tium and molybdenum replaceable by vanadium are specific for nitrogen 
fixation by azotase ; Fc does not play any part in the process of nitrogen 
fixation by azotase. 

By studies in free and combined nitrogen they have furtlmr shown that 
the enzyme systems resjionsible for assimilation of free and fixed nitrogen are 
diflerent although considerable relationship exists between them. A more 
specific nitrogen -fixing enzyme E with which N 2 combines before forming 
NgE is also postulated. 

From a study of the influence of various nitrogen pressures on nitrogen 
fixation by Azoioba^cter, Burk [1930] has found that the effect is immediate 
and reversible, being proportional to Ng pressure. The effect is felt to an 
appreciable extent at 0*5 atmosphere with limits at 5 — 10 atmospheres. 

Nitrogen fixation by azotase is also proportional to O 2 tension in the 
medium ; the cfticioncy ratio (nitrogen fixed/Og consumed) increases 10 to 
20 fold between 0*21 and 0*01 atm. 0^ and the rate of nitrogen fixation attains 
a maximum at 0*04 atm. Og being only | or J at 0-0008 and at 0*21 
atm. The influence of 0^ i» not aifbeted by the presence (.>f other gases such 
as H 2 and Ng* The nitrogen obtained from Azotobacter suspensions by vacuum 
extraction at low temperotures obeys typical Henry’s law relationships and 
are similar to those obtaining in legume bacteria and yeasts. 

A certain amount of work has also been done on the other common 
enzymes present in Azotobacter. The cells are found to be rich in catalase 
[Burk etal.y 1932, 2], numerous dehydrogenases [Lineweaver et al., 1932], 
cytochrome [Meyorhoff and Schulze, 1932 ; Keilin, 1933 ; Negelein and 
Gerisher, 1933], the spectroscopically observable ‘ atmungs ferment ’ [Negelein 
aiod Gerisher, 1933], malonate carboxylase and the newly observed 
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co-emyme R [AlUsan, 1933}. Nilsson [1936] has found that in mannitol 
Azotobdcter develops a dehydi*ogenase which is absent when the organism grows 
in glucose ; hexose phosphate dehydrogenase is present in both cases. 

The extra-cellular isolation of azotase and the study of the enzyme apart 
from the growth and general metabolism of the organism have not so far been 
possible and any advance in this direction would greatly help to understand 
the enzyme mechanism responsible for nitrogen fixation. 

Nitrogen fixation in Clostridium 

(i) Distribution of Clostridium. — Winogradsky [1893] isolated a sporo- 
genous anaerobic organism, known as Clostridiumy from the soil of St. Peters- 
berg which has the power of assimilating nitrogen and bringing about the 
butyric fermentation of carbohydrates. He further demonstrated the wide 
occurrence of this organism in the soils of St. Petersborg and Paris. 
Omeliansky demonstrate the presence of this organism in almost all Russian 
soils that he examined. This was also present in most of the German soils 
examined [Freudonreich, 1903]. HaselhofF and Bredmann [1906] have found 
that in nearly all samples of soils and leaf moulds examined, Clostridia were 
present. They are found in rather largo numbers in acid soils. Addition of 
CaCOa or CaO to the soil had little effect on the numbers of Clostridia or the 
amount of nitrogen fixed. It is much more abundant than Azotobacter ; 
the number being over 100,000 per gm. of soil [Truffaut and Bezssonov, 
1921]. 

Clostridium is as important as Azotobacter in nitrogen fixation [Omeliansky, 
1906]. Truffaut and Bezssonov [1921] have suggested that it is Clostridium 
and not Azotobacter that is tlio principal agent for the fixation of nitrogen 
in the soil. In the acid soils of Iowa, the anaerobic nitrogen-fixing organisms 
are of considerable importance in maintaining the fertility ; it can be found 
in soils even with a pH of 5-0 — 5*2. It is of interest to note in this con- 
nection that although considerable amounts of nitrogen are fixed, there is 
little increase in ammonia or amino nitrogen [Walker and Willis, 1933]. The 
number of Clostridia present in the soil can be increased considerably by 
partial sterilization using CaS and heat. 

(ii) Morphology. — Bergey [1930] defines them as : ‘ Anaerobes or micro- 
aerophiles, often parasitic. Rods frequently enlarged at sporulation pro- 
ducing Clostridia or Plectridia forms A few of these have the power of 
fixing nitrogen and Cl. jxisteurianum is typical of the species fixing nitrogen. 

Winogradsky found Cl. pasteurianurn to be an obligate anaerobic form 
which can develop under aerobic conditions only in presence of aerobic 
bacteria. However, the facultative aerobic Cl. americanum isolated by 
Pringsheim [1906] was very similar in morphology to the Clostridia y but was 
capable of fixing large quantities of nitrogen, perhaps due to its aerobic 
nature. 

Bredmann [1912] after examining a large number of species of Clostridia 
came to the conclusion that the various strains classified into different groups 
belong to one and the same species, viz., Bacillus amylobactery the differences 
being due to the methods of isolation and treatment. It is easy to bring 
about a regeneration of the nitrogen-fixing capacity. The latter observation 
has, however, been questioned by Pringsheim. 
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McCoy €i al* [1928] have studied this group of organisms and have 
recognized three sub-groups — Ch pasteurianum, CL aaccharo-butyrcus and the 
plectridium type. They have found that the different groups fix varying 
amounts of nitrogen in culture media; pasteurianum fixes 0-66 - 3*98, 
bviylicum 0*64 — 2*35 and plectridiutn 0*65 — 2 ’78. The differentiation of 
these is not well defined. 

{in) Cultivation and cultural characteristics. — A modification of Wino- 
gradsky’s nutrient medium adding soil extract, small amounts of MgSO 4 and 
NagHPOi along with traces of Fe and Mn salts and sufficient CaCOg has 
been found useful for the cultivation of Clostridium. It can be easily isolated 
by prolonged pasteurization at 75®C. 

Itano and Arakawa [1930] have recommended a method for the culture 
of CL pasteurianum ; the method is but a modification of the Morse-Kopoloff 
culture of anaerobes. Partial sterlization leads to increased nitrogen fixing 
power in Clostridia, probably due to the destruction of substances harmful 
to them [Truffaut and Bezssonov, 1921]. The optimum temperature for the 
development of CL pasteurianum is 28^ — 30° C. The optimum reaction is 
pH 6-9 — 7*3, but the organism still develops well at pH 6*7. It has been 
observed that it can withstand a greater acidity than proteolytic anaerobes 
like Bacterium putrificus, from which it can thus be freed. Addition of 
CaCOa to the glucose medium has a favourable effect in neutralizing acids 
formed and doubling the amount of nitrogen fixed [Truffaut and Bezssonov, 
1922]. In this connection MgCOa is found to be less fa^^ourable. At pH 
6*5 — 9*5 Clostridium fixed 4 — 4*3 mg. per 60 c. c. medium in three weeks; 
at pH 6*0, 3*2 mg. of nitrogen was fixed. CaClg has also been found to be 
useful in promoting nitrogen fixation [Willis, 1933, 1 ]. Willis [1933, 2], 
however, has shown that pH of the medium has little effect on the amount of 
nitrogen fixed in the medium between pH 5*0 — 9*5 . Omeliansky [1906] 
has found that the organisms are very active at 30°C. and fix less nitrogen 
at higher temperatures. 

When freshly isolated, the Clostridium fixes more nitrogen than when 
cultivated for a long time in artificial media. The culture can be invigorated 
by growing it in Winogradsky’s medium to which enough ammonium sulphate 
is added so as to offer the organism less nitrogen than is needed for the com- 
plete decomposition of the sugar. By transferring from this culture, when 
gas formation ceases, normal growth and nitrogen fixation is obtained 
[Bredmarm, 1909], Bredmann has further shown that the culture could be 
invigorated by passing it through soil. 

Spores are form^ when the organism is grown in medium with plenty 
of oxygen ; the presence of 30 mg. of oxygen per litre of air will still allow 
spore formation. The spores are not destroyed at 75^^ even at the end of 
16 hours ; at 100 ® the spores are destroyed in five minutes. The spores 
could be preserved in the dry state for 20 years with the nitrogen-fixing 
power intact [Omeliansky, 1906]. 

{iv) Fermentation of carbohydrates. — ^The fermentation of various carbon 
compounds de|)end 8 on the nature of the nitrogenous nourishment. Dextrose, 
sucrose, levulose, inulin, galactose and dextrin are fermented in presence of 
peptone, while only dextrose, sucrose and inulin are attacked when amm(>- 
nium sulphate is present. Lactose, arabinose, starch, gum, mannitol, dulcitol, 
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glycerol and calcium lactate are not attacked by the organism undw any 
conditions [Winogradsky, 1902]. Glosttidiutn does not attack cellulose, 
while in presence of cellulose-destroying bacteria more nitrogen is fixed than 
with carbohydrate alone [Pringsheim, 1913]. Omeliansky [1906] has observed 
that glycerol, mannitol, maltose and raffinose are also fermented by this 
organism. Peterson et al. [1926] have studied the fermentative powers of 
Cl. thetmocdlum on nine sugars and five related compounds. Stickland 
[1934] has carried out experiments on the chemical reactions by which Cl. 
sporogenes obtains its energy. 

The characteristics of the butyric fermentations brought about by the 
organism are such that 42-4.5 per cent of the dextrose is converted into 
a mixture of acetic and butyric acids in varying proportions ; small amounts 
of alcohol, ethyl, propyl and isobutyl, are formed, and a considerable evolu- 
tion of a mixture of CO 2 and H* occurs [Winogradsky, 1902]. Acetyl-methyl 
carbinol is formed by Clostridium acetobviyricum along with acetic and 
butyric acids. Its production can be increased by the addition of phosphates 
and decreased by proteins and is more closely associated with the formation 
of acids than that of acetone and butyl alcohol. Wilson e.t al. [1927] have 
shown that acetyl-methyl carbind is a regular end product of the fermenta- 
tion, it being formed at the same time as acetic and butyric acids and aU 
three probably have the same precursor. With fermentation the acidity of 
the medium changes to approximately jpH 3-4 . Butyric acid forms the 
larger part of the volatile fraction of the acids [Walker and Willis, 1933]. 
The amount of acid produced is correlated with the amount of glucose utilized. 
It produces large amounts of CO 2 under anaerobic conditions in a medium 
containing CaCOs- The main source of carbon dioxide is the glucose molecule, 
though small amounts result from CaCOg [Willis, 1933, 1]. 

{v) Anaerobic nitrogen fixation . — In nitrogen-free medium Clostridium 
fixes about 3 mg. of nitrogen per gram of sugar decomposed [Winogradsky, 
1902]. Haselhoff and Bredmann [1906] have found that both crude and pure 
cultures of anaerobic bacteria isolated from soil absorb quite considerable 
amounts of nitrogen similar to that rejwrted by Winogradsky. For each gram 
of sugar fermented 3-6 mg. of nitrogen was assimilated. Too large an 
increase in the nitrogen content of the medium decreases nitrogen fixation and 
finally stops it entirely, but nitrogen fixation still takes place when the ratio 
of N : sugar is 16 : 100, whereas according to Winogradsky this ratio is 6 : 
1000. 01. acetobutylicum (Weizman) fixes comparatively little nitrogen ; 

the four strains studied fixed from 0-69 to 1-06 mg. in 100 c. c. medium. 
From a study of single cell culture of Clostridium, McCoy et al. [1928] have 
correlated nitrogen assimilation with consumption of sugar although the 
relative efficiency varies with the stage of growth. The greater the 
concentration of sugar the lower is its economic utilization, 3-2 mg. of nitrogen 
being fixed per gram of glucose in 0 • 5 per cent solution, 2 mg. in 2 per cent 
solution and 1*2 mg. in 4 per cent solution [Waksman, 1931]. 

Combined nitrogen in the medium reduces nitrogen fixation, NaNOs 
having the least effect. No nitrogen is fixed in the presence of ammonium 
sulphate and in peptone only 0-6 rag. of nitrogen is fixed in 25 days. The 
production of CO* is directly associate with the sugar utilization, the amount 
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being the same whether the organisms are grown in an atmosphere of nitrogen 
or air [Walker and Willis, 1933 ; Willis, 1933,2]. Glucose was rapidly used in 
medium containing peptone, ammonium sulphate or NaNOg, but little or no 
nitrogen was fixed. CaCOg may act as a neutralizer or an acceptor for H in 
anaerobic fermentations [Willis, 1933,1]. In media containing 0-2 CaClg or 
16 gm. of CaCOg per litre comparatively large amounts of nitrogen are fixed in 
the solution. NOg and NOg are formed in presence of CaCOg but not in cul- 
ture media containing CaClg [Willis, 1933,2]. When the solution contains 
more than six parts of combined nitrogen in one thousand parts of solution, 
nitrogen fixation comes to a stand still. Oineliansky has, however, obtained 
some fixation even with a concentration of 10 ])arts of combined nitrogen in 
the medium. 

Comparatively more of carbohydrate is used for nitrogen fixation by the 
anaerobic bacteria. Bxit if the energy liberated rather than the carbohydrate 
used is taken into consideration, the anaerobic sjjecies arc as efficient as the 
aerobic ones from tlie point of view of energetics of nitrogen fixation. 

Nitrogen fixation in other freeAivmg bacteria 

It has been claimed from time to time tliat a large number of organisms 
in the soil, other than Azotobacter and Clostridium, have the power of fixing 
nitrogen [Greaves, 1929, 1930; Emerson, 1917]. 

Lichtenstein et al. [1907] have described a new aerobic nitrogen-fixing 
Clostridium having only about half the capacity of the previously described 
Clostridia, Truffaut and Bezssonov [1925, 1] have isolated a new bacillus 
from soil which fixes 2-7 mg. of nitrogen per gm. of carbohydrate, Bacillus 
Trufjanii. Lipman [1938] has isolated some new non-symbiotic bacteria 
from the white sands of Now Mexi(x>, which have the power of fixing nitrogen. 

Symbiotic fixation of nitrogen by nodule bacteria 

Bouissingault [1838] pointed out that leguminous plants absorb atmos- 
pheric nitrogen, basing his conclusion on the experiments he conducted with, 
clover and wheat. But not until 1 888 it was known by the classical researches 
of Hellriegel and Wilfarth that these plants could gain atmospheric nitrogen 
through the nodules present in their roots. They showed that nitrogen is 
fixed because of the presence of a species of bacteria known as Bacillus radici- 
cola in the nodules. Following up this important piece of work, Beijerinck 
succeeded in isolating this organism from the plant, and attempted to study 
the symbiosis between the bacteria and the host plant. Since then a large 
volume of work has been done on this bacterium, but our knowledge of 
symbiotic nitrogen fixation is still meagre. 

Biology of legume bacteria 

(i) Occurrence. — The legume bacteria, as the name would suggest are 
generally present in soils in association with plants belonging to the natural 
order Leguminoseae [Edw^ards and Barlow, 1909]. There are, however, a 
few plants in this natural order which are not infected by the bacteria 
[Leonard, 1926], Occasionally the bacteria are also found in the roots of non- 
leguminous plants such as the Russian olive tree, Clanothus americanus, and 
OftBurina [Snyder, 1926 ; Blake^ 1932]. 
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(ii) Nomenclature . — ^The nodule bacteria are referred to by difFerent 
names according to the particular system of classification adopts. Bergey 
[1930] places all the known nodule bacteria under the genus Rhizobium 
and six species have been recognized in this group, viz., Rh. leguminosarmn 
Frank, Rh. trifolii, Rh. pJmseoli, Rh. meliloie, Rh, radidcola and Rh. japonicum* 

(Hi) Morphology and life-cycle . — ^The general characteristics of the 
above group of organisms have been defined by Bergey [1930] as ‘ minute 
rods, motile when young, branching rods abundant and characteristic when 
grown under suitable conditions, obligate aerobes capable of fixing Atmospheric 
nitrogen when grown in the presence of carbohydrates and in the absence of 
organic nitrogen compounds, produce nodules in the roots of leguminous 
plants \ 

Whether grown in culture media or soil, the bacteria exhibit a clear and 
definite life-cycle. According to Bewley and Hutchinson [1920] the life-cycle 
consists of five stages: (a) the small non — motile pro-swarmer coccus, (b) the 
larger non-motile coccus, (c) motile swarmer, ^d) rod form and (e) the stage of 
high vacuolation (bacteriod). In the nodule tissue coccii, small evenly staining 
rods and banded granular rods usually occur at successive age levels in the 
growing nodule. In the nodule, the granular rod stage consists of swollen, 
pear-shaped and banded cells which are called bacteriods. Striking deviations 
in the life-cycle have been described by Gibson [1928], but more work is needed 
before the less common cell types can be established as normal components of 
the life-history. Gangulee [1926] has reported that in culture media the 
various -.stages are found to occur simultaneously but in varying projK>rtions. 
The distinct life-cycle has a bearing on the spread of bacteria through the 
soil and consequently on the infection of the host plant [Thornton and 
Gangulee, 1926], It helps in the movement of the organism. The amount is 
not detectable until the majority of the organisms have passed into the coccus 
stage and is thus presumably due to the active migration of flagellated s war- 
mers [Thornton, 1936,3]. Banded rods are the most common form met with 
in the life-cycle of the groundnut-nodule organism [Rajagopalan, 1938]. 

Lewis [1938] has studied the cell inclusions of Rhizotia and has concluded 
that the life-history of the organism is not cyclogenic in the sense that special 
reproductive cells, gonidia or spores are formed in the process of reproduction. 

(iv) Cultivation and cultural characteristics . — ^These organisms can be 
grown in culture media having the following comiK>sition [Wieland, 1922] 
Mannitol 10 gm., NaCl 0-2 gm., K 2 HPO 4 0*6 gm. jKfi 0*2 gm., 

CaS 04 . 2 H 20 0- 1 gm., CaCO, 1 gm. and yeast water 100 c.c. in a litre of medi- 
um. Suitable modifications of this m^ium have been made by different 
workers for isolation and cultivation of this organism [Edwards and Barlow, 
1909 ; Carrol, 1934, 2 ; Whiting, 1915]. 

Attempts have been made to study the cultural characteristics of the 
different strains of organisms present in various species of plants by growing 
them in artificial media. Thus Stevens [1925, 1 ] has found that the 13 
strains of alfalfa and sweet clover studied by him are divisible into two groups 
based on their cross-agglutination test and nitrogen-fixing power in sanfJ 
cultuim He [1925, 2] has also observed that litmus milk is more usef«^|^aa 
janus green or cresol purple in bringing out the characteristics of these groups. 
From the physiological reactions Wright [1926] concludes that these do hot 
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represent two distinct species but two biotypes each of which varies around a 
mean of its own. Organisms of the groundnut nodule are also divisible into 
two physiological groups [Rajagopalan, 1938], Madhok [1935] has studied 
the cultural characteristics of the organism causing nodules on the roots of 
berseem (Egyptian clover). 

When grown in sugar media, organisms of alfalfa, clover, pea and dales 
produce an acid reaction, while those of soyabean, cowpea and lupine produce 
an alkaline reaction [Baldwin and Fred, 1927 ; Bushnell and Sarles, 1937]. Most 
of the wild legumes produce an alkaline reaction in sugar media [Conklin^ 1936]. 
Palacios and Bari [1936] have reported that Indian nodule organism isolated 
from Cajanua indicus produces both alkaline and acid reactions depending on 
the nature of sugars in the medium. 

Classification based on fermentation characteristics of the organisms is in 
harmony with flagellation, or other cultural and serological reactions [Baldwin 
and Fred, 1927 ; Clarke and Hanson, 1933 ; Carrol, 1934, 1]. Anderson and 
Walker [1932] have suggested that viscosity in solution cultures nlay also be 
of value in differentiating Bhizobiuni cultures. 

The H-ion concentration of the medium exerts considerable influence on 
the morphological characters and growth of the organisniji, thus Rh. radicicola 
isolated from kidney bean, red clover, cultivated pea and hairy vetch do not 
grow in media above pH 7*0 or below pH 4-5 [Smozok, 1938]. 

Among the serological reactions of this organism, the complement fixation 
tost and agglutination test are of equal value in identifying the different strains. 
It is of interest to note in this connection that a (4ose protein kinship exists 
among the strains isolated from 15 species of Crotolana [Carrol, 1934]. 

Burke and Burkey [1925] have found that by growing Rhizobiu'^ radici- 
cda in increasing concentrations of dye, the organisms are modified to 
tolerate 1 in 1000 of gonitian violet. 

West and Wilson [1938, 1, 2] have shown that vitamin B^, an active heat 
stable substance and riboflavin are synthesized by growing cultures of Bh. 
trifolii. 

Relationship between leguminous plant and nodule bacteria 

(i) Infection of the host plant . — Simultaneously with the unfolding of the 
first true leaf, the root secretes a substance, probably of the nature of 
coenzyme B, and at this stage the first appearance of the nodule on the seedling 
takes place. The nature of the secretion as also the seat of its formation are 
not known. The removal of the leaf does not delay nodule formation 
[Thornton, 1929], probably the coincidence is incidental and the unfolding of 
the leaf may not have any direct bearing on nodule appearance. 

Thornton [1936, 1] has worked out the histological changes that take place 
in the root tissue during infection. The nodule bacteria secrete a thermostable, 
filterable active substance which comes in contact with the root tip and pro- 
duces a characteristic curling [Thornton and Nicol, 1936]. This curling of 
the root tip is a necessary prelude to infection [McCx)y, 1932]. In the early 
stages a small colony of bacteria appeal's close to the apex of the root. This 
induces irregular growth of the root hair, so that the hair curls over to form a 
tight spiral. As a result of this, a local weakening of the cell-wall takes place 
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and the bacteria enter the root at this point. In liquid cultures RMmbia 
induces hyperplastic effect on the roots of peas ; it also causes hypertrophy 
with the defonnity of cortical cells and is dependent on the elongation of root 
cells [Mollard, 1913]. 

There is a marked specificity in the infection of host plant by bacteria. 
Eighteen host specific groups have so far been recognized. Infection of the 
host plant outside the host specific groups have been described [Allen and 
Allen, 1939], but it is of very rare occurrence. The serological reactions of the 
nodule organism have been correlated with host specificity [Baldwin and Fred, 
1927] and ability for cross inoculation also corresponds with the serological 
and other biochemical reactions of the bacteria [Walker, 1928]. There is no 
correlation between the amount of indol-acetic acid produced in synthetic 
media in presence of tryptophane by various strains of Bhizobia and their 
ability to induce formation of nodules on the roots of leguminous plants 
[deorgi and Bond, 1939]. The immunity is not connockKi with the preliminary 
curling of the r(X)t hair — probably it is a protein reaction. 

(ii) Nodule formation . — When the bacteria have penetrated into the root 
hair they form a threadlike growth of zooglea, known as the infection thread, 
which passes down the hair and penetrates the cortex of the root. This causes 
the root cortex to become meristematic and by division to produce the young 
nodules. The cell division may extend inwards to involve the endodermis or 
even the pericycle cells. This might have an important bearing on the 
diffusion of nutrients into the nodules. Cell division extends beyond the cells 
that are actually infected and is perhaps due to the secretion of some stimulant 
by the bacteria. 

The bacteria are distributed through the cells of the young nodules in 
three different ways in different legumes [Milovidov, 1928]. In the first type, 
common to most legumes, the bacteria spread by means of infection threads 
which pass through the perforations in the cell wall. Thornton [1930, 2] 
has observed that secondary release of bacteria may take place in this type of 
distribution by the formation and subsequent breaking up of blisters formed 
from the infection thread. In the second type which occurs in Sorradella, 
the bacteria infect the intercellular spaces and spread by that means. The 
third type is met with in lupins, in which the bacteria invade the dividing host 
cells in the young nodules and are thus distributed in the daughter cells. 

Ultimately the presence of bacteria in the host cells stops their division 
while permitting them to increase in size. The combined activity of uninfec- 
ted cells causes further growth of nodules, and this seems to be essential for 
the healthy functioning of the nodule. The presence of the nodule in the 
cortex induces an outgrowth of vascular strands from the stele. A secondary 
endodermis is formed surrounding each vascular strand and enclosing the 
central infected tissue as far distally as the meristem cap. The cytoplasm of 
the infected cells in the centre of the nodule becomes closely packed with 
bacteria which later on become branched and constitute the so-called ‘ bac- 
teriods ^ and a group of these bacteriods form the nodule [Thornton, 1936, 3]. 
Aeration helps the formation of the nodules, while passing nitrogen com- 
pletely prevents nodulation [Virtanen and Hausen, 1936]. Wilson et cd. [1933] 
have studied the effects of supplying additional CO^ to clover and alfalfa on 

nodule formation, 
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{Hi) Symbiosis between the plant and the bacteria. — Evidence has been 
brought forward by a number of workers [Wilson, et al, 1932 ; Barthel, 1921, 
1926; Hopkins, 1920; Allison, 1929; Lohnis, 1930; Galestin, 1933; Piatz, 
1937 ; Virtanen and Hausen, 1935, 2] that the host plant plays a more subtle 
role than mere furnishing room and board for the bacteria. It has been 
proved by these workers that the bacteria cannot fix nitrogen outside the host 
plant. Fred [1909] claims that certain amount of nitrogen is fixed by the 
bacteria even without the host plant, but this requires ftirther confirmation. 
That the process of nitrogen fixation is the result of symbiotic relationship 
is further confirmed by the facd. that the host j)lant by itself cannot fix nitrogen 
without the aid of the bacteria [Shallow, 1936; Guitschanoft', 1935]. The 
efiiciency of nitrogen fixed is dependent more on the location than on the size 
or the number of the nodules [Rajagopalan, 1938]. 

The life of the bacteria in the host tissue has a definite bearing on its 
activity and efficiency of nitrogen fixation. A number of workers [Wumshik, 
1925 ; Albrecht, 1920 ; Kalnius, 1938] have shown that the passage of the 
bacteria through the host plant results in increased activity. Tiie beneficial 
effect on the host plant is the resultant of two factors, nitrogen fixation and 
inhibitory effect on plant grovd-h due to growth of bacteria in the nodule. 
The effectiveness of the organism and its ability to aid the host plant are 
unrelated factors [Allen and Baldwin, 1931]. 

Erdman [1929] has reported that there is rapid translocation of the nitro- 
gen fixed l)y the bacteria from the nodules to the seeds of the plant. Bond 
[1933] has reported that there is a quantitative relationship in the transfer of 
nitrogen between the bacteria and the host cells. He [1936] has further 
shoV'U that more than 80 per cent of the nitrogen fixed l)y the nodule bacteria 
is liberated vdthout appreciable delay in the host cytoplasm. The mechanism 
seems to be one of passive excretion by the bacteria in which the nitrogenous 
substances represent a phase of bacterial respiration rather than part of the 
process of bacterial synthesis. 

Piotz [1937] has recorded the presence of the oxidation product of dihy- 
droxy phenybalanine in the roots. This substance which changes in colour at 
specific ^h values is highly significant for its behaviour in the roots ; this to 
a large extent determines the growth of the bacterium. The dopa action 
alone does not, however, explain its role in the symbiosis mechanism. 

Factors determining the host-bacteria equilibrium 

The proper functioning of the bacteria within the host depends upon 
the maintenance of a physiological equilibrium between the host and the bacte- 
ria. Thornton and Rudorf [1936] have shown that the presence of NO^, checks 
the infection of root hairs by protecting them against the normal action of 
bacterial secretions deforming them. This appears to be connected with the 
C : N balance in the root hairs. Secondly the cell walls of the distal meriste- 
matic cap cease to divide and form an increasingly thickened wall and thus 
isolate the bacterial tissue which later on shows symptoms of starvation finally 
becoming necrotic [Thornton, 1930, 1]. The equilibrium breaks down in old 
nodules even without the presence of NO 3. This is due to the bacteria actually 
c^ttacking the host tissue thereby becoming parasitic. Brenchley and 
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Thornton [1925] have shown that this state may be induced even in young 
nodules by certain changes in food supply, such as boron deficiency and 
failure of carbohydrate supply. It is probable that the change to parasitism 
is due to the bacteria being cut off from the supply of carbohydrate owing to 
the failure of the vascular strands. 

(i) Carbohydrates , — An adequate and unhindered supply of carbohydrate 
seems to be essential for the healthy functioning of the nodule in the host 
tissue. Probably this supplies the energy for tlie fixation process [ftuflper, 
1932], Rippel and Krause [1934] have found that there is relation between 
carbohydrate and nodulation. Allison [1934] has observed that the nodules 
are located in the upper part of the root nearest the carbohydrate supply and 
when the supply becomes deficient they become dormant'" and in other cases 
they attack the host tissue to obtain food. In general, increased pCO 2 (partial 
pressure of COg) augments photosynthesis which in turn nodulation and nitro- 
gen fixation. The effect is most pronounced between 0-03 and 0*01 CO 2 a-nd 
is due to increased partial pressure and not the total amount present [Vita 
and Sandrinelli, 1935]. In the case of red clover, Georgi et aL [1933] have 
observed that higher pCOg is more effective. Allain [1931] has shown that 
light influences symbiosis between legume bacteria and host plant. Allison 
[1934, 1935] has suggested that high carbohydrate content is not essential 
for bacterial entrance but is necessary for root growth and that the bulk of th4 
carbohydrate supply is used in growth and respiration of host tissue. 

Certain amount of work has been carried out with a view to finding out 
the relative efficiencies of the different sugars as a source of supplying energy 
to Rhizobium cultures. The growth of Rh. legvminosarum in different 
sugars was in the following order : sucrose, lactose, glucose and dextrin 
[Madhok, 1935]. Irr agar media Reynolds and Werkman [1935] have found 
that sucrose was better than mannitol for the growth and longevity of Rhizobia, 
Georgi et al, [1933] have reported tliat addition of rnaimitol is not useful for 
nitrogen fixation ; concentrations above 0*25 — ()*5{) is detrimental, when 
inoculated with non-homologous species of bacteria and the plants die of 
nitrogen starvation even though carbohydrate is applied to them. No 
significant difference is observed in Rh. meliloti in the rate and extent of 
oxygen consumption in the media containing glucose, mannitol or sucrose. 
Arabinose was distinctly superior to other carbohydrates as a source of 
energy to Rh. japonicum. 

Wilson [1935] and Walker and Anderson [1934] have shown that it is the 
carbohydrate-nitrogen relationship obtaining in tlie inoculated plants that 
is more important in symbiotic nitrogen fixation. Allison [1934] has found 
that the addition of nitrate alters the C : N ratio so that the carbohydrate is 
all used up for top growth and thus it inhibits nodulation. Honl [1930] has 
observed that the C : N relationship of the legume remains constant at 
various stages of growth while in non-legumes it varies. 

. More recently Allison and Ludwig [1938] have made a critical study of 
the available data in regard to legume nodule development in relation to 
available energy supplied and have concluded that the carbohydrate supply 
hypothesis accounts for the varying degrees of nodulation under different 
growth cenditions, more adequately than the subsequently proposed carbohy- 
drate-nirrogen by p<:>t basis. 
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Weniger [1923] has suggested that the eventual energy requirement of 
nodule bacteria is so small as to be insignificant, the energy being hardly 
sufficient to support the life of bacteria — the requirements of non-symbiotic 
bacteria were five times as great. He has further suggested that the organisms 
are so constituted as to be able to transform energy incident to an exothermic 
nitrogen fixation process. Rippol and Poschenreider [1928] have found that 
soybean bacteria used enormous amounts of energy for nitrogen fixation, 
104 calories in one experiment and 50 calories in another. Neal and Walker 
[1936] and Walker [1934] have shown that only one-third of the carbohydrate 
is oxidized to CO* and water and used for energy. It would aj)pear that the 
carbohydrate is needed not only to feed the bacteria, but also tlie meristern 
cap of the host plant leading to the continual formation of young nodule 
tissue. 

(ii) Minerals and humic acid . — Allison and Hoover [1935, 1] have shown 
that natural humic acid stimulates growth and oxygon consumption by 
Bhizobia ; thus over a range of 0 to 6(K) p.p.m. of dry matter it was propor- 
tional to the quantity useii. Small amounts of iron salts stimulated growth of 
Bhizobia ; chloride was better than sulphate. The optimum concentration of 
iron was found to bo 10 p.p.m. Smith [1907] has studied the effect of various 
iron salts in concentrations ranging from 0-00005 to on Asteralcujussinicus. 
Stimulation w as greatest with ferric malate and chloride, less with ferric salts 
(sulphates, citrates, oxalate and tartrate) and zero w'ith other salts. Depres- 
sion was greater w'ith P'ela and FelNOjij, loss with FeCOj and least with 
ferric malate. Calcium adsorbed on colloidal clay transforms the abnormal 
forms into normal and effective nodules : the reason for the special activity 
of the adsorbetl calcium is not understood. Ba in place of Ca produces the 
opposite effect [Albrecht et ah, 1937]. Itano and Matsuura [1936, 2] have 
recorded that titanium salts have sjjecific morphological influence on the 
bacteria. Graham [1938] has studied magnesium as a factor in nitrogen fixa- 
tion by soybeans and has shown that increase of Mg made it }K)ssible for the 
plant to make a more efficient use of Ca offered at a given level. The supply 
of exchangeable bases seem to be a limiting factor in legume growth and nitro- 
gen fixation. 

(Hi) H-ion concentration.— Tho optimum pH for the growth of nodule 
bacteria in nutrient gelatin lies between 6-5 and 7-5 [Virtanen el al., 1931, 1]. 
Maximum respiration and growth takt^s place near neuti ality with (xmstant 
activity between pH 6 and 7-8 [Thome and Walker, 1935, 2]. In Bhizobium 
meliloii and Japmicum the optimum reaction for re.spiration is more alkaline 
than the optimum for growth [Thome and Walker, 1936, 1]. The effect of 
soil acidity on nodule formation is not due to its effect on grow th of roots of 
the plant but due to its effect on bacteria when it exists in the soil non-symbioti- 
cally [Karrakar, 1927]. 

(iu) Accessory growth factors.— Vlant extracts greatly influence the growth 
of nodule bacteria [Allison, 1927]. Yeast and cane sugar contain the neces- 
sary growth factor for Bhizobia w^hich can be extracted with absolute alcohol; 
no other substance tried was able to replace the factor present-in yeast extract 
[Thome and Walker, 1935, 1]. Potato extract stimulates the growth of 
Bhizobia, and asparagine to a less extent - [Sarles and Reid, 1935]. Nilsson 
(19383 has shown that iddition of materials like leguminous plants, molasses or 
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yeast is required for growth of Bacillus radicicola m synthetic medium. Vemer 
et aL [1936] have reported that reporduction and nitrogen fixation in nodule 
bacteria are proportional to concentration of bios in the medium and that in 
its presence the nodule bacteria can bind molecular nitrogen outside the host 
plant. Accessory substances present in bean nodule and yeast extract are 
soluble in water and alcohol and chlorofonn and are non-dialysable [Itano and 
Matsuura, 1936, 1]. Sauerkraut has a more effective growth factor than 
yeast [Albrecht et aL, 1937]. 

The factor present in sauerkraut is soluble in alcohol and dilute acetic 
acid, slightly soluble in methyl alcohol and insoluble in petroleum ether and 
pyridine. It is not absorbed on Fuller’s earth and passes through colloidion 
membrane but is destroyed by electrodialysis with complete chloride removal 
[Albrecht et aL, 1937]. On electrodialysis of bean nodule most of the accessory 
substances wore found in the cathodic cliamber. There was no relation bet- 
ween accessory substances and nitrogen fixation [Itano and Matsuura, 1937, 
1938]. The growth-promoting substance is an organic complex of relatively 
low molecular weight. It is probably not rhizopin auxin or inositol and in 
some respects it resembles bios [Clarke, 1936]. 

The important function of accessory growth substances of Bhizobia seems 
to be the provision of an initial H-donator which in turn lowers and supplies 
a readily available initial source of energy. [Virtanen and Laine, 1936 ; 
Thome and Walker, 1936, 2]. 

Recently, Laird and West [1938] have found that certain components of 
‘ Wiidiers bios’ complex are capable of replacing the stimulatory action of 
yeast extract on strains of Rh, trifoli and this was proportional to the increased 
urease activity produced by this factor. A number of compounds tried 
including vitamin Bj could not bring about this action. Nilsson e^aZ. [1938] 
have shown that a second factor obtained by acid extraction from yeast in 
crystalline form is, in conjunction with vitamin Bj, highly active in promoting 
the growth of Bacterium radicicola ; the vitamin also causes increase in size of 
the bacterium and seems to favour formation of bacteriod branching. Stein- 
berg [1938] has suggested that a second accessory factor is also necessary for 
the growth of Bhizobia and for which the name Bhizobiosin is proposed. 
West and Wilson [1939] have adduced evidence to show that the effect is due 
at least in part to the presence of thiamin and flavin in those products. 
Allison and Minor [1938] have reported that in the case of 19 strains of Bhizobia 
tested, the addition of coenzyme R to the medium is necessary in order to make 
appreciable growth ; the need for this was equally evident when the organism 
was growing in combined nitrogen, thereby showing that it may not have any 
part to play in the fixation of nitrogen. The factor is of organic nature 
although its chemical nature has not yet been determined. More recently, 
Bjalfve et aL [1938] have shown that the growth effect of vitamin Bi on 
Bhizobium holds good only for half of the strains isolated from clover and it 
does not hold good for those found in peas, lupines and beans. 

Allyn and Baldwin [1930] have shown that the legumes are very sensitive 
to slight changes in the oxidation-reduction character of the medium and it 
is likely that the beneficial effects of certain extracts may be due, in some 
instances, to their effect on this potential. Thus, ordinary mineraLsugar 
^re too oxidized for optimum growth j a fair groiytji may take plaoe even 
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in such unfavourable media if comparatively heavy inoculations are made, but 
the oxidation-reduction potential must be adjusted very accurately in order, 
for single cells, to initiate growth, 

(v) Alkaloids. — The formation of bacteriods in BcbciUus radicicola is con- 
nected with the occurrence of plant bases, thus in the presence of caffeine 
it was p ossible to cause bacteriod formation in sterilized soils. Barthel [1926] 
has reported that formation of bacteriods in the nodosities is dependent on 
the presence of alkaloids in the roots. There is a relationship between the 
nitrogen utilized by the legume and the bases absorbed by it at different 
stages of growth [Stock and Rippel, 1929]. Caffeine influences the trans- 
formation of nodules into bacteriods but does not increase their capacity to 
fix nitrogen ; the bacteriods probably cannot fix nitrogen of the air [Bazarewski, 
1929 ; Berthelot, 1885]. In liquid cultures, caffeine in doses of 0*05 — 0*50 is 
an excellent stimulant, from 1*1 to 1*4 it is depressent, while above l o it is 
toxic. Quinine and strychnine are more vigorous as stimulants betwe^en 0*05 
and 0* 10 and poisonous above 0*25. In solid cultures they are less vigorous 
[Messadroli et ah, 1935]. Itano and Matsuura [1936, 1 ; 1937, 1938] have 
reported that alkaloids did not stimulate nodule bacteria, especially growth 
could not bo observed with quinoline, and caffeine was most notable in pro- 
ducing largo bacteriods which wore associated with poor growth. 

(t?i) --Gerretsa et ah [1923, 1924] and Hitchner [1930] 

have reported that the bacteriophage isolated from nodes of leguminous roots 
is probably active in dissolving bacteria. The lytic action is specific. The 
bactoriophago stands 55 — 65°C., passes through colloidion membrane and is 
eight times more resistant to ultra-violet light than the bacteria. Grijns 
[1927] has found that the clover plant does not produce a bacteriophage and 
that under these conditions the presence or absence of the bacteriopliage 
does not affect the growtli of the plant. Demolon and Dumez [1938] have 
shown that the addition of bacteriophage filtrates, isolated from roots and 
nodules and heated to destroy the lytic agent, stimulated alfalfa growth. 

{vii) Nitrogen compounds. ~Rh. meliloti and Rh. japonicum prodm^o 
ammonia from a number of amino acids tested ; NO3 is reduced to NOg and 
utilized by both species. There is a difference in the chemical action of various 
species on different nitrogen sources [Pohlman, 1931]. Amino acids ai;e used 
directly by Rhizobium cultures and not through NH3 stage, since tlie pH of 
the medium remained constant and NH3 could not be detected [Virtanen et 
ah, 1931, 2], The decrease of nodulation in presence of soil nitrogen salts is duo 
to an inadeciuato supply of carbohydrate in the roots ; the bacteria themselves 
play only a secondary role [Allison and Ludwig, 1934]. The influence of com- 
bined nitrogen on symbiotic nitrogen fixation depends on how it alters the C : N 
relationship in plants [Wilson and Wagner, 1937]. Thus the addition of NO3 
alters C : N ratio; so that the carbohydrate is aU used up for top growth [Allison, 
1934]. In Rh. japonicum, NO^-nitrogen was better than NHg-nitrogen [Neal 
and Walker, 1935]. Soluble nitrogen compounds which the plants utilize are 
not fixed by the bacteria [Georgi, et al., 1933]. The growth of the nodules is 
limited by the limiting amounts of nitrogen fixed, the coefficient number of 
nodules and percentage of nitrogen being 0*57 ±0* 10 [Fred and Wilson, 1934]. 

Small amounts of glycine (0* 1— ()• 5) result in partial or complete loss of 
infeotive ability of Rhizobia mA Phytomoiiias tumefaciens, the loss being 
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complete after ten generations and permanent after thirty generations* 
Alanine, glycylglycine and dicynamide induce similar responses in several 
strains of rhykmcmas tumefaciens [Longley et aL, 1937]. 

Products oj metabolism of nodule bacteria 

{i) Slime . — Slime is produced by the bacteria only when they fix nitrogen. 
It is produced in faintly alkaline and neutral media but not in acid m^ia. 
Lipine produces slime in neutral media which rapidly become acid. The 
best medium for the production of slime contains 0 • 06 per cent asparagine and 
0*01 — 0*2 per cent of alkali phosphate [Smith, 1907]. Hopkins et cd. [1930] 
have observed that addition of nitrates to the medium increases gum produc- 
tion. Gum production is a normal process in the metabolism of the organism ; 
when purified gum is supplied to Bhizobiuni, it is not utilized as a source of 
carbohydrate [Anderson, 1933]. Bh. radicicola produces gum from different 
carbonaceous materials, such as mono and disaccharides, dextrin, iiiulin, leaven, 
{K)lyhydric alcohols containing 3, 6 and 6 carbon atoms and sodium salts of 
lactic, malonic and succinic acids. It produces no gum from salts of fatty acids, 
succinimide, malonamide and amino acids. The synthesis of gum is com- 
pletely inhibited by high concentrations (5-10 per cent), optimum being 
1-2 per cent. It is a polysaccharide containing glucuronic acid [Cooper and 
Peterson, 1937J. The gum produced by cross inoculation groups is precipita- 
ted by acetone and is free from nitrogen. The carbon content varies from 
36 • 4 to 40 • 6 per cent ; on hydrolysis it yields glucose and not pentoses ; it 
contains 4 • 1 — 25 • 3 per cent uronic acid and the complex is probably glucuro- 
nic acid [Greaves and Anderson, 1914]. Condition for the production of gum 
is similar to that of A 20 i(? 6 ac^er [Cooper and Peterson, 1937], More recently, 
Cooper et al. [1938] have shown that there is a close similarity in the polysac- 
charides of Bh. radicicola and those of Azotobacler and have suggested that 
these belong to the same class as the polysaccharides of the pheumococcus 
types II and III. 

Georgi and Wilson [1933] have suggested that the gum may be an inter- 
mediate step in the oxidation of carbohydrate into CO 2 - The evidence for 
this view is that if the organism is grown in the presence of a limited quantity 
of oxygen, so that respiration is arrested after a few days’ growth, only 50 per 
cent of the glucose which disappears could be accounted for as CO a, whereas 
in presence of sufficient oxygen in the medium the amount of glucose carbon 
which disappeared as CO 2 rose to 70-80 |>er cent, 

(ii) Protems . — The properties of protein of legumes being very similar 
to chose of casein, Rukuzin and Pekrskaya [1920] have suggested the name 
vegetable casein for it. From a study of the protein make-up of roots and tuber- 
cles of Viciafaba, it is concluded that the co-presence of free amino acids and of 
reducing substances in considerable quantity in the bacterial tissue of tubercles 
indicates the existence of a direct relationship between these substances and 
the synthesis of proteins [Parisi et al, 1926]. The chemical composition of the 
nodular tissue is not different from that of the other part of the plant. The 
dry matter of nodule bacteria consists chiefly of carbohydrates ; it contains 
52*8 — 54*6 per cent carbon, 4*4 — 4*9 per cent of nitrogen, 11 •4— -22*6 per 
cent fat [Carrol, 1934, 1], 20 per cent of the nitrogen of the nodules is arginine^ 
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The soluble portion of fresh nodular tissue contains much arginine and is prob- 
ably the basic amino N previously thought to be of importance in symbiotic 
nitrogen fixation. There is no difference in the composition between different 
species. The total nitrogen in heavy gum producers is 2 per cent, while that of 
alfalfa is 8*4 per cent [Umbreit and Burris, 1938j. The nitrogen content of 
bacterial tissue increases with the age of the culture and with decrease in C : 
N ratio [Rajagopalan, 1938]. 

{iii) Fermentation products. — Acids are produced by fermentation of 
sugars with alfalfa bacteria. 5*5 per cent of the weight of sugar was fer- 
mented into acids with sucrose, and 7-3 j)er cent with lactose. Anderson et 
aL [1928] have detected pyruvic acid in BhizobiuTn culture. The power to 
ferment sugars by Astralagus sinicus (Gengo) varied in the order arabinose, 
xylose, glucose, galactose, mannose, fructose, sucrose, mannitol, lactose, 
maltose, raffinose and dextrin. Nitrogen source is not necessary for growth, 
but is necessary for fermentation [Matsuura, 1935]. During fermentation 
of sugars by groundnut nodule organism acetic acid, ethyl alcohol, traces of 
aldehyde, tartaric acid and carbon dioxide wore detected. In nitrate medium 
14 per cent of the carbon supplied is used for cell formation, 21 per cent is 
oxidized to CO 2 and the rest converted into other by-products [Rajagopalan, 
1938]. The fermentation is of the pyruvic acid type [Virtanon et aL 1933, 2]. 
McBurney et aL [1935] have suggested that pantothenic acid produced by 
Rh. rnelil'Oti plays a part in the carbohydrate anaboUsin of the plant. 

Biochemical mechanism of symbiotic nitrogen fixation 

{i) The first intermediate product in symbiotic nitrogen fixation. — With a 
view to finding out the first chemical step in fixation of nitrogen in the 
.symbiotic system, several workers have attempted to demonstrate the first 
intermediate product formed during the process. Notable among these 
workers are Winogradsky, Virtanen and his associates, and Orcutt. 

According to Winogradsky [1933, 1938] and Winogradsky & Winogradsky 
[1936] the liberation of ammonia from root nodules is the result of nitrogen 
fixation and not ammonification because {a) maximum production of NH3 
takes place on the second day followed by a decrease, (6) the effectiveness of 
antiseptics and anaesthetics, (c) evolution of ammonia from dried and powdered 
nodules at 40 — SO'^C., and (d) the fact that neither the roots of maize nor legume 
free from nodules were capable of forming ammonia. Since Winogradsky 
failed to demonstrate that the nodules in his experiments were fixing nitrogen 
and since all previous experiments with detached nodules under conditions 
similar to those used by him, have been negative with respect to fixation, his 
conclusion that ammonia is the first product is hardly acceptable. 

Virtanen and his colleagues [1936] have brought forward evidence to show 
that asparatic acid, which is excreted along with lysine, is the primary product 
of nitrogen fixation. Virtanen and Laine [1936 ; Virtanen, 1936, 2 ; Virtanen 
and Laine, 1938, 1] have detected small amounts of NO ^ and NH3OH in addi- 
tion to asparatic acid ; they have suggested that asparatic acid may be formed 
from hydroxylamine and oxalaoetic acid and the NO, maj^ arise from oximes 
originally present in the cultures. They [1937] have further shown that the 
root nodule bacteria split off CO* from asparatic acid and thus produce alanine. 
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By in vitro experiments it has been possible to demonstrate that when pyruvic 
acid and l-asparatic acid are added to crushed pea plants alanine is formed. 
This transfer of NH2 from asparatic acid to keto acid is similar to that occurring 
in animal tissues. They have further suggested that the nitrogen is probably 
converted by an unknown intermediate into hydroxylamin© which probably 
reacts with oxalacetio acid to form oxime which is later reduced to give 1- 
asparatic acid [Virtanen, 1938]. Virtanen [1937, 2] has demonstrated that the 
legume bacteria split off one of the carboxyl groups from 1-asparatic acid 
forming ^-alanine. The reaction is almost quantitative at pH 7*0 and is 
accomplished by living bacteria. In support of this, they have also demons- 
trated nitrogen fixation by excised root nodules in oxalacetic acid medium. 
According to them the asparatic acid is formed in the following manner : 

Ng'-^hydroxy lamina ■’>oxime of oxalacetic aoid-->i-asparatic acid 

carbohydrate—^ oxalacetic acid 

More recently, Virtanen et al, [1938]have adduced evidence to show that the 
legume bacteria contain two different amino acid carboxylases, asparatic 
decarboxylase and glutamic decarboxylase. Wilson [1939, 2] has, however, 
failed to confirm Virtanen’s findings ; he was unable to accomplisli nitrogen 
fixation by excised root nodules ; ho has also failed to detect the presence 
of oxalacetic acid in the medium by the aniline maiiometric method of Ostern. 

From a study of nitrogen compounds in different parts of the legumes 
supplied with free and fixed nitrogen, Orcutt [1937] has suggested that the 
only fraction that appears to offer possible significance in the fixation process 
is the basic amino fraction. IJmbreit and Burris [1938] have confirmed this 
and have further shown that this frac^tion has an unusually high content of a 
substance wdiich gave ammonia on hydrolysis vdth alkali. This has b(wn 
tentatively identified as arginine. The conclusion drawn from these com- 
position studios can, liowever, bo regarded only as suggestive. 

It is evident from the foregoing that our present knowledge of Hie first 
chemical step in symbiotic nitrogen fixation is still xneagre for want of exact 
and reproducible data. 

(ii) Excretion of nitrogen compounds from root nodtdes . — The nitrogen 
compounds excreted by nodules are mainly amino acids ; no or NH3 is 
present, but small amounts of amides and volatile bases, probably amines, 
are found in the dialysed portion [Virtanen el aL, 1933, 1]. 87 — 98 })er cant 

of the total nitrogen excreted is amino nitrogen ; asparatic^ acid accounts for 
50 per cent while the otlier half can bo precipitated by phosphotungstic acid, 
but is not aiginine, cystine, histidine or any aromatic amino acids [Virtanen and 
Laine, 1935] ; probably it is lysine [Virtanen et al., 1936]. Tlie major part of 
the amino acid excreted from quartz cultures of inoculated peas before flower- 
ing is l-asparatic acid nitrogen, wdiile if the peas are almost mature, chiefly 
alanine is found in the cultures [Virtanen and Laine, 1937]. Nitrogen excre- 
tion from inoculated plants takes place from the bacteria inside tlie nodules 
and not from the roots [Virtanen et aL, 1937]. 

Air supply results in an increased rate of nitrogen excretion[Virtanen and 
Hausen, 1934, 1935, 1]. Excretion of nitrogen is highest in young 
roots [Virtanen and Hausen, 1935, 2] and the rate of excretion is maximum 
before blooming [Virtanen etal, 1936]. The nitrogen compounds, especialiy 
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asparatict acid and ly.siiie, firo cxcroO d only slightly in water, more so if there 
was sand or (day in the water and still more so in soils in w hich non-legumes 
arc growing [Virtanen, 19;if>. 1]. Virtanen and Hanson [ 1 9;U) | have shown 
Hanson, t.hat dir ct conta(‘t of the roots and ih(^ nodules witli solid partiedes 
is noeossary for nitrogen cx(^retion. 

Virtanen et aL [1937] liave shown that non-logumcs in assoedation with 
k^gunies facilitate excretion of nitrogen. In st(wilo cultures of lupiiK^ amino 
nitrogen was (^xcreted in considerable (juantity when the j)lant was young 
[Isakova and Andreev, 1938]. Under favoural)l 0 conditions of photosynthesis 
tluwo is no or poor excret ion of nitrogen. ].<owering of tom])eraturo and shading 
cause more ex(*r('tioii. Ammonia, nitrate and (•yanamide lowoi'ed nitrogen 
excretion in w hite (dov(yr [Wilson and VVyss, 1937]. d'ho extent of nitrogen 
excretion dejxynds largely on th(' strain of the organism and the quantity of 
medium available [Vdrtanen d ril,, 1937]. 

Tlie l(\gum(ys rectdve theii’ nitrogen sup|)ly froiu the? nodules in the form 
of amino acids w Inch are the products of nitrogen fixation and not ])r(doin 
break-dowai [Virtanen (i aL, 1937]. Virtanen ei al. [1933, 1] have shown that 
as])aratic a('id is an <^\(‘ellent source for leguminous ])lants but is entirely iin- 
suitablo for cererd plants. The excreted niti'ogen is utilized by non -legumes, 
oats, beets, and w lieat used 59 per cent w hile potatoes 90 per cent ; wdth 
incToase in excretion, peas utilize only a fraction of the nitrogen fixed by the 
nodul(3s [Virtanen d ai. 1937]. The exeretiyd nitrogen is also utilized by barley 
and othca* plants grow n by tiie side of the legumes ; barley utilizes lysine in 
])referoMce to asparatic acid [\artanen et u/.. 1936]. 

Excretion of nitrogen is ]a>t universally obtained under experimental 
conditions w hich are a|>parently identical [Wilson, 1937]. Thus Bond [1937, 
1938] has I’cported thed lu) nitrogen was excreted in sand cnltures by soyabean 
and broad l»ean. and smalt arnonnls only with peas. Perhaps the lailiire to 
d(d;ect excietion is du(^ to use of coarse sand w Inch lacks absorptive (Xipacity 
[Virtanen, 1937. 1 1. By I’cducing tlie cx])osuro to sunlight- of pea plants 
previously cxposc-al to noiinal daylight. Strong and Thnimble [1939] have 
confirmed (Excretion of nitrogen by roots, Rec^ently, Sharper 11939] has 
described a sirniplo teclinicpic by which be has detected excretion of nitrogen 
in lucerne plants inoculated with Rh. mdiloti. 

The origin of the ex(Teted nitrogen is not, liowover, very clear. Virtanen 
and Hansen [1935, 2] have reported that it is not due to meclianical injury 
since it tidies {)lace even in agar cnltures. It re]mvsents tlic jadmary product of 
nitrogen fixation and not docomposition pi'oducts of protein, sin(‘e no excre- 
tion takes place in nninoculated plants [Virtanen (d u/., 1936]. On the other 
hand, Wilson and Burton [1938] have reported t hat exertdion does not always 
accompany fixation and it a|>poars to be the exception rather than the rule 
in greenhouse studies. 

(Hi) Res}yirniioyi stvdivs. — Ba-rthol [1932] has carried out experiments 
with different strains of Bad. ra(Ucicola in culture solution nndoi reduced 
oxygen pressures and has shown that b}- an amount of only 0-5 per cent of 
oxygen in a mixture of nitrogen and oxygen, or of hydrogen and oxygen, the 
growth of the bacteria amounted to al)Out 25 per cent of tlie grow th in the 
phfecks held under normal aeration. 
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The rate of respitfition for nodule bacteria considerably higher than 
that of other bacteria. From a study of its respiration using various meta- 
bolites, (ieorgi and Wilson have (classified the organisms as obligato 

aerobes. I'he organism grows well even under low oxygon tensions (less than 
()-03 atm.). In low oxyg(>n tensions glycolysis rather than butyric fermenta- 
tion takes idace [VirtanWi ei aL, 1934]. During the dissimilation process the 
R. Q. (the respiratory quotient) reaches 1*18 after which it decreases to 0*8 
and remains constant, probably this marks the change from carbohydrate to 
protein metabolism and a largo {)art of the oxygen thus not accounteii for may 
be used for tlie formation of new cell tissue. 

The respiratory quotient of nodule bacteria varies from 0*90 to 1*10; in 
the majority of bacteria it is slightly greater than 1*0 [Wilson and Peterson, 

1933] . In glucose yeast extract medium the R. Q. was consistently loss than 
1*0 [0*85 — 0*96j. Witli NaNOg in glucose the R. Q. increased to 
1*07 — 1*17, NOj, being used as an H acceptor in place of Og. In NH 4 CI 
the R. Q. was loss than 1*0 [Anderson and Walker, 1933]. The R. Q. in Rh. 
trifolii is higher than in other species. 

Tlie utilization of carbon by Rhizobia decreases with increase in con- 
centration of sugar ; with 1 per cent glucose all carbon was used up, wliile with 
2 per cent only 50 -70 per cent was used up [Wilson and Peterson, 1933]. 
The rate of oxygen consumption increases with increased oxygen ]>ro 8 sure ; 
with decn^ase in oxygon concentration, consumption of oxygen was repressed 
m trifolii but not in meliloii and liipini. Growth of nodule bacteria in an 
atmosphere containing 0*5 per cent oxygen (in Ho or N],) was approximately 
25 per cent that occurring under normal conditions [Anderson, 1933]. Respir- 
ation in Rh. trifolii is pronounced in an atmos]ihoro in which OOg is increased 
to 0*05 per cent [Konishi <4 ah, 1936]. 

A res).Viratory co-enzyme, which is essential primarily for respiration and 
indirectly for growth, is present in relatively high coucoutrations in yeast, 
cane juolavsses, humic a(^id and commercial egg albumin. Yeast, oxt.rat't 
increased the rate and extent of oxygen consumption in all strains of Rhizobia 
[Walker and Anderson, 1933]. Half the maximum growth is ol>taino(l with 
10 — 20 p.p.m. of these extracts in the synthetic medium [Allison and Hoover, 

1934] . Such stimulation could not |)0 tracked to the piosouce of nitrogen, 
carbohydrate, vitamins or salts in these extracts. Neither the nitrogen nor 
sugar requirements of Rh. t/rofolii are sp( 3 cifi(? [Allison and Hoover, 1934]. 
(>>-onzyme R. increases bea^torial resj)irati()n two to live fold within an hour 
and the rate of growth of the organism is increased 29 — 30 t imes ; but it has 
no function in nitrogen fixation. Tborno and Walker [1934] have, liowover, 
suggested that the stimulation (d)taiuod by tlm above mater ials can be satis- 
fiictorily explained on the basis of their nutritional value and were unable to 
substantiate the assumption of a (M>-enzyme for respiration. The amount of 
oxygen consumed was greater in yeast extract medium than any other medium. 

Wilson [1938] has studied different substrates as H -donators with oxygen 
and methylene blue in Rhizobimn cultures. Ajnong sugars, gliic'ose and 
arabinoso wore the best. With polyhydib^ alcohols the cultures were active 
towards oxygon but not methylene blue (with the exception of sorbitol) ; pro- 
bably in these oxidations an aldose is formed as an intermediate product. 
Among the organic acids the highest respiration occurred witli fumaratoB and 
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succinateB. From a study of tho oxidation of different substrates in Rh. Iri- 
folii and meliloti cultures, Konishi and Kaw arnuara [1938] have shown that 
different kinds of oxygenases are present in the colls of nodule bacteria. 
Catalase was more j)ositivo in baediorial culture from clover, alfalfa,, genge, 
lu[)ino and soybean. Peroxidase was more pronounced than catalase, espec- 
ially in clover and soybean. 

From a study of tho physiological effects of various materials, such as 
yeast extract, Thorne and Walkor [1936, 3, 4] have (concluded that the role 
of tiio H -donator in this organism appears to bo twofold ; firstly, it tends to 
lower tho oxidation -reduction potentials and secondly, it furnishes tho orga- 
nism with a rapidly available initial source of energy. 

{iv) Enzyme systems in ^symbiotic bacieria . — The study of nitiogen-fixing 
enzyme system present in the symbiotic bacteria is difficult because of tlie two 
component nature (plant and ba(jteria) of the system responsible for nitruuon 
fixation. Nevertheless, a beginning has boon made in this direction by Wilson 
and his colleagues. They have adopted the classical Warl>urg manomotric 
method that is generally used for the study of enzyme system concerned with 
respiration of intact cells. By using this technique tliey (;ould study the 
various factors responsible for nitrogen fixiition in tlie symbiotic? system. 
Rigorous statistical treatment of tho mass of data obtained from carofully 
controlled experiments has been employed to determine th(3 signilicanco of 
their results. 

It is well known tliat tho rate of rea.(?tion in an enzymo s\ st( iii depends on 
tlie concontration of siil)8trates. Using rod cloven- plants Wilson [1936 ; 1939, 

2] l\as studied the dependence of nitrogen-fixing reaction on the? jiN.y in tho 
atmospliere. Tlie maximum fixation was (obtained w}i(?n Iho ])N\, rean-lu-.d 
0- 15 — 0*20 atmospheres, and tlnu-e was a significant den reaso in the (juantity 
of nitrogen fixed only after the />N 2 was rediu*od to ()• 1 atmuHj)luu*o. On the 
basis of available data tho Michaelis constant, /rNg (the thei-inodynamic dis- 
sociation constant of tho nitrogen -fixing reaction) for syndriotii' niti-ogen lixa,- 
tion appears to be 0 • 05:1 ()• 005 at]nos[)hero. 

It would be of interest to study tlio influence of />().> on nitrogn fixation 
in view of the fact that molecular ogygoii is involved in some of the mechanisms 
postulated in symbiotic fixation. From a study of tlie inlluenco of oxygen 
under various pressures on tlie assimilation of nikt’ogon in tlie free and fixed 
state, Wilson and Fred [1937], Wilson and Bond [1936] and Thorne and Burris 
[1938] liavo shown that molecular oxygon does not play any direct role in tho 
mechanism of nitrogen fixation. However, it may indirectly influeiu?e the rate 
of fixation through effoets on the carbohydrate relationship in the liost plant. 

In the course of Ids studies on tlio inffuenco of different nitrogen jirossures 
Wilson found that tho function (tho relation lietwe^en nitrogen fixation and 
pNg) in presence of H 2 differs greatly from that in tlie absonco of the gas. He 
further showed that the uptake of combined nitrogen was dependent on the jiro- 
sence of hydrogen in the atmosphere. Wilson and Umbreit [1937] liave re- 
cently examined this question and have adduced evidence from different ex- 
periments to show that hydrogen itself rather than the acconqianying impurity 
is the inhibitory agent. Tlieir findings would suggest tliat liydrogon may lie a 
specific inhibitor for the symbiotic nitrogen fixation process. This observation 
is interesting in view of the fact tliat several workers, notably Stephenson, have 
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considered hydrogen as a biologically active substance but is quite inert towards 
non-symbiotic nitrogen fixation roactiou brought about by Azotobacter [Burk, 
1934]. 

Among tlio other common enzyme inhibitors concerned with oxidation- 
reduction reactions in the syin biotic system Wilson [1939, 2] has shown tliat 
only (10 and HgS possess a spcKafic inhibitory efleet on symbiotic nitrogen 
fixation by rod clover plants. The effect of 00 is more interesting because of 
tlie small concentrations required ; nitrogen fixation in red clover practically 
ceases when the (‘oncontration of (JO in the atmospliore readies 0* 1 per cent. 

Among the other eiizymos present in the symbiotic system evidence has 
been obtained to show^ that the bacterial cells contain gelatinase, catalase, 
deaminase, carboxylase, tyrosinase, urease, oxidase, peroxidase and various 
sugar-splitting enzymes [Rajagopalan, 1938]. Eckhardt et al. [1931] liave 
observed that llli. Iwpini produces slight amount of tyrosinase. Alinon and 
Fred [1933] have sliow n that root nodule bacteria of some cross inoculation 
groups, notalily tlio bean, alfalfa and soybean groups, sliowod a higher per 
(^ent of cultui'es producing tyT'osinasc than did others. The cells contain very 
little of proteases, toliienated Bhizohium culture produce very little proteolysis 
in vegetable proteins and none at all in cell jirotoins. 

Nitrogen fixation by higher forms of life 

In recent years inereasiiig evidence lias Ix^en obtained that the fixation of 
atmospheric nitrogen is also manifested in some higher forms of plant life. 
Certain species of algae, yeast, fungi, germinating seeds of legumes and a few^ 
other plant cells liavo been found to fix nitrogen. 

Algae 

The investigations of Kruger and Sehneidwdnd [1900] showed that there 
is no assimilation of free nitrogen in algae. They suggested tliat probably 
algae under natural (conditions are favourable to the growth of nitrogen-fixing 
baciteria. Schramm [1914] also found that none of tlm seven species lie experi- 
mentcxl with w ere able to fix atmospheric nitrogen. Wann [1920] lias, liow^evor, 
reported that the seven species of grass green algae wliich were grown in pure 
cultures in Kjeldahl flasks in mineral nutrient agar containing know^n amounts 
of nitrogen (ammonium nitrate and (calcium nitrate but not urea, glycocoll, 
asparagin and ammonium sulphate) fix in prosenco of glucose 4-13 mg. of 
nitrogen in five to seven months. Bristol and Page [1923] have, however, failed 
to confirm Warm’s findings. Tdiey conducted experiments with four species of 
green algae in pure culture and they (could not find any fixation of nitrogen. 
They have criticised Wann’s methocls of analysis as being unrelialile. 

Moore and Webster [1920] came to the conclusion tliat unicellular algae 
can grow^ and synthesise protein in tlio absence of all other sources of nitrogen 
except the elementary nitrogen of the atmosphere, provided CO 2 in present 
in the medium. Joshi [1928] has reported that the algae in the soil fix atmos- 
pheric nitrogen. Drewes [1928] has observed that Anahaena variables and 
Aruibaena spp. fix 2 — 3 mg. of nitrogen in 250 c.c. medium in two months. 
Allison and Morris [1930] have observed that while the species of green algae 
tested did not fix nitrogen, the blue green algae isolated from soil in pure 
culture fixed atmospheric nitrogen in presence of light. They [1932] have also 
shown that the blue green algae Anabaerm variables &xed n,monnt^ 
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of atin(>sf>}ieric nitrogen in presence of light and 1 per (‘ont COg ; soluble 
nitrogen compounds are produced in the modiuin. Allison and Hoover [1035, 
2] have found that pure cultures of Nostoc isolated from soil fixed nitrogen. 
Idle dried organism contained i-t) per cent of nitrogen. Cultures fix 10 — 20 
mg. of nitrogen per 100 c.c. in 50 — 00 days. In jvrosence of light there was 
increased growtii and nitrogen fixation by the orgaiiisms, while in total dark- 
ness, nitrogen fixation and clirolopliyll formation took |3la(‘e when glucose was 
su|)[)lied to tliein. They liave further shown tliat the rate of grow th and fixa- 
tion in Nostoc mucosarmn is 10 — 20 times greater than that reported for other 
nitrogomfixing blue green algae. The quaiitities of nitrogen fixed are as high 
as 10 nig. in 45 days and 18 mg. in 85 days per c.c. of a medium c*ontaining no 
carliohydrates. Cah-ium and strontium are not essential for growth in pre- 
sence (>f combined nitrogen, but in nitrogen-free medium, nitrogen fixation is 
retarded by their absence. Boron and manganese have no effect on nitrogen 
fixation [Allison and Hoover, 1937]. De [1930] first suggested that fixation 
ol' nitrogen in waterlogged soils is an algal process. 

More recently, Fritsch and Do [1938] have ro])orted that pure cultures of 
blue green algae Anabama finind in Indian rice fields have tlie jiroperty of 
fixing nii-rogen ifom the air ; throe species of tlie organism cultured in nitrogen- 
fre(‘. solutions w ere able to fix 2 — 5 mg. of nitrogen per 1.000 c.cc medium in 
aliout two months. They have claimed that this is the first conclusive proof of 
the ahility of a blue green algae to do so. By re|)oale(l sub-culturing on steri- 
lized silic’a gel plates. Do [1939] has isolated pure (tiactoria-free) cultures of 
three s|)ecies of Anabama and l^wrynidhim fovcotarmn. 'The Anaba.e7ra 
cultures have been found to fix considerable amounts of nitrogen in nitrogen- 
free medium and soil ; small amounts of soil extract in the medium stimulated 
nitrogen lixation. Phorniidivni foveolarnin . on the other liand, afforded no 
(evidence of nitrogen fixation. He has also found that' a considerable ])art of 
the nitr(>gen fixed nauains in the external medium in an organic form. The 
author has concluded that algao are the chiel agents of nitrogen fixation in the 
rice fields. 

Yeasts, fungi and a(dino7iiyci\H 

Lipman 1 1910] lias shown that certain sjiocies of yeasts and ])seudo -yeasts 
have the j)ow or of nitrogen fixation in ta]) water solutions (‘ontaining dextrose. 
Kossowi<'Z 11913, 1914] has reported that 5 — 7 mg. of nitrogen was fixed by 
Saccharo)nyr('s monila. Candida and Oidium lactis in 500 c.c*. oi‘ non -nitrogenous 
medium. Fulmer [H)23] has shown that SarcJuironiyces cererisiae. will grow in 
an apparently good state of nutrition using atmosplieric nitrogen as tlie solo 
source of nitrogen and has suggested that the benefit ac'cruing from tlie aera- 
tion of yeast is as much due to the addition of nitrogen as of oxygen. He has 
found that- fixation of nitrogen by yeasts at 30'" is a function of^/H, there being 
twa) optima] concentrations, the one at ^>H fi*0 and the other at 7-9, the latter 
lieing more potent. The failure to observe any fixation in ycaist by different 
workers has been explained by Fulmer and (drristenson [1925] as lacing duo to 
the time element, and the jiresenco of ring nitrogen comp(>unds w hicli are con- 
verted in the early stages into forms not determined by the Kjeldahl moHiod. 
(Ahristensen [1928] has shown that there is jirobably more fixation of nitrogen 
in pure cultures of Saccharoniyces cervisiac than what any a\ ailable method of 
determination indicates. 
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Two types of fungi are generally recognized to be of signifii^ance in the 
fixation of atmosplieric nitrogen, the free-living fungi and the symbiotic group, 
known as mycorrhiza, wliicli live in tlie roots of certain higher plants. 

Froenlich [1907] found that several strains of fungi fixed from 1* 1 — 4-5 
mg. of nitrogen, the amount of nitrogen fixed per gram of dextrose being 2*5 
— 8-9. Stabel [1911] has reported that 9 of the 54 strains studied showed 
fixation of nitrogen. Schober [1930] has found that all the six strains of 
Aspergillus fixed up to 4 mg. of nitrogen in 100 c.c. medium containing 5 
per cent sugar. Kadelbach [1931] and Schroder [1931] have, however, failed 
to confirm this observation. Chambers [1910] has adduced evidence to sliow 
that no nitrogen is fixed by the free-living fungi, Aspergillus niger and Pe7ii- 
cillimri glaucum. Waterman [1913], (Joddard [1913] and Duggar and Davis 
[1910] have also obtained negative evidence in regard to nitrogen fixation by 
free-living fungi. More recently, Allison et al. [1934] have concluded that 
free-living fungi and actitiomyces do not fix nitrogen. 

There is strong evidence that certain micorhizal fungi can use atmosplieric 
nitrogen when growing in the roots of plants. Rayner [1922] showed tliat 
certain strains of Phorna, isolated from the roots of ericaceous plants, utilize 
atnios])heric nitrogen. Ho has also shown that scM.^dlings of Calluna vulgaris 
in pure culture thrive in rooting media dejuivcHl of nitrogen. Jones and 
>Sinith [1928] obtained similar results and further demonstrated that when tlui 
pure micorhizal fungus, (J. vulgaris grown in j)rosence of molecular nitrogen, 
uses large amounts of glucose wit h increase of nitrogen in the medium. Eskina 
[1938] has suggested tliat lichens represent symbiosis of three organisms, 
nitrogen fixing bacteria in addition to fungus and algae, and that tlie bacteria 
present are the intragonidial wart-like swellings found in tJiem. In view of the 
conflicting evidence, it is still doubtful whether the yeasts, fungi and acti- 
nomyces are of any iniportam^o in nitrogen fixation, 

Ocrrriinatitig seeds 

Vita [1932, 1] has obtained evidence to show that germinating seeds of 
legumes liave the power of assimilating atmosplunic nitrogen. Wlien seeds 
of pea, lupine or horse bean are germinated in an atmosphere containing CO, 
in presence of alkaloids or even dilute solutions of salts, they absorl) nitrogen 
for their development [Vita, 1932, 2]. Vita and Handrinelli [1932, 1933, 

1935] have studied the various factors that influence this fixation of nitrogen. 
They have shown that the amount cf elementary nitrogen utilized is dopeudent 
on the nature and amount of salts, CO, Og concentration, temperature and 
conditions of illumination. They liave also observed tliat in pea and lujiine 
seeds, there is a general relation between nitrogen-fixing and oxidizing power 
of the seeds. Sugars and some alkaloids like strychnine nitrate and caffeine 
have marked negative effect. Vita [1935] has found that later in the period 
of germination the gain in nitrogen partially disapjieared. Using lupine and 
pea seeds, Haritantis [1934] has confirmed these findings. Vita has also 
postulated that during germination the seeds elaborate an enzyme, azoligase, 
which is capable of fixing atmospheric nitrogen. The added compounds sti- 
mulated its production wliidi resulted in fixation of free nitrogen. The subse- 
quent drop in the nitrogen content of the seedlings has been explained as being 
due to the action of another enzyme which liberated the nitrogen. Sadosivan 
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and Sreenivasan [1937] have also observed that tliore is progressive iiicreaso 
in nitrogen assimilation in genniiiating se(^ls and Ijavc suggested that the 
seeds, independent of any organism, lix atmosplierie nitrogen. 

Recently, Wilson [1939, 2] has critically examined the available data in 
regard to the nitrogen fixation by genninating seeds and has questioned the 
validity of the conclusions arrived at by tlu^se investigators. He has shown 
tliat the apparent increase in nitrogen wliich Vita has obtained is due to the 
inadequacy of the special analytical method used in tier studies. Tlie official 
Kjeldahl method (vdthout addition of water) does not yield all the nitrogen in 
the HOodB. Smith and Wilson [1935] have shown that wlion a suitable method 
of analysis was used peas winch w^ero genninated under identical conditions 
])rescribed by Vita did not show' any gain in nitrogen on germination. Their 
coiudusions are sup])ortod by data obtained by the gasometric method w herein 
also the nitrogen fixation was not apparent beyond the experijiiental error. 

]n view of the confU(jting evidence it is difficult to draw' any (;onclusion 
regarding nitrogen fixation by le^guminous seeds on germination. Any posi- 
tive evidence in this direedion w ould no doubt be of much significance in study- 
ing the moiduinism of symbiotic nitrogen fixation by legunies. 

Fixation in other j)la7it cells 

Several workers have rejiorted from time to time thad difieiont ])art.s of 
lughei’ plants exhilvit tlu^ jxover of fixing atmosjiheric? nitrogen, either by 
themselvu^s oj’ by their association with the bacteria present in tluun. But 
evidence so far oldained is si ill inadequate to draw any definite conclusion 
regarding the rolativr^ im[)ortaMce of tliese as nitrogen fixers. 

IJpman and Taylor [1924] liax e show n tliat wdieat and barlej^ in culture 
solutions with and without nitric nitrogcuj fix atmosphoric nitrogen without 
ba(d(U’ial intorvontion. Whitley |1923] lias also obsorvod that liiglior plants 
have got tlu^ (tapacity of fixing atmos|)heri(* nitrogen. Moore obtaincHl similar 
resvdts with olhor ])lants. Burk |1927 | has shown that tlio dwarf variety 
of Pisuni solivnvi lost enough nitrogen through excretion in culture solutions 
to hide any fixation. Brown [1933] Icis reported tliat jiorennial rye grass 
moots some of its nitrogen requirements fi-om t la^ atmosphere, (\s]>ociaHy wlion 
nitrogen in the coiiihinod foian is al)S(mt fj-om the medium. 

8\'ml>iosis between liacderia. and leaves of certain plants was observed in 
the case of Favetta [f^ibor. 1912, 1914], Andrisio crispa |Mie]ie, 1914, 1911, 
191()] and Kraussia [Georgvitch, BUfi), Knots arc- formed at tlio jilace of 
jienetradion of the microbes into the tissues of th.e plant . It is claimed that 
tlie bacdoria bringing about this transforma lion can also fix nitrogen when not 
wajrking symluotically w'ith the plants. The a.mount of nitrogen thus fixed 
may bo so (nusidorablo that in India, Pavotta plants are used as green manure. 
Rao 1 1933 1 h,M.s sliowii that the leaf nodules o\' ChorneJia asiatica contain colonies 
of aerobic nitrogen-fixing bacteria. The symbiosis is developed to a greater 
extent than lognminosae and is of a hereditary chara cdor, t l ie plant being iinablt' 
to grow' in the absence of the bacteria. Gaiida [1919] has suggested that 
BacAllm crueijerae isolabHi from various crindforous plants is found to fix 
nitrogeji, especially when cidturod in liquid medium wuth an ( xi ess ol calcium 
carbonate and deficient in nitrogen. The amount of nitrogc^n fixed is equal 
to that obtained by Azotobacter, 




amounts of atmospheric nitrogen. From exj)erimoMts with plants grown in 
nitrogen-freo atmosphere Kovessi [1912] has (ionoluded that tlie plant hairs of 
phanerogams cannot fix atmospherics nitrogen. Sahasrabuddho [1935] has 
reported that nitrogen fixation in rice soils is iiuu’cased l)y the presen(;e of 
growing roots of plants. Ho [193()] has adducuMl lurthor cviclonce to sliow that 
nitrogen-fixing organisms are active in the preseiu'O of rice roots wliich are 
good hosts for them. Several investigators [Joslii, 1928 ; Truffaut and 
Bezssonov, 1925, 2 ; Caron, 1923] have also re])()rtcd fixation of nitrogen by 
higher plants (barley and corn roots) in presence of various specjies of bac^teria, 
but no nodule is prodin-ed. Oes [1913] has reported that the floating 
fern, Azolla, can grow in nitrogen-free medium and fix at inosplieric nitrogen. 
He further showed that the l)luo green algae in symbiosis with it accounted 
for the nitrogen fixation. 

AgRIOULTI^KAL IMPORTANGR ok NITROCiKN -fixing ORGANISMS 

The pra(di(^al importance of biological nitrogen fixation in agriculture 
cannot lie ovorestimatod. ITe nitrogen -fixing organisms (?onstitute perhaps 
the most important factor in maintaining tlie store of nitrogen in the soil. 
By proper control of the activities* of^tJiese organisms it is possible to nso tliese 
natural agencies — plant and soil bacteria to supply the nitrogen require- 
ments in the soil for plant growth and crop production. 

Role of the different forms m nature 

(i) Azotohacter, — The oocurronco of Azolobacler in the si>ii is conditional 
by three factors, viz. tlie soil reaction, the soil (complex and the availal)lc 
phosphorus content [Gainey, 1925; Wilson and Wilson, 1933; IVbirtiiw/ r//., 
19371. Soils having value not lower than 0, and availalilo pIios])|iorns 
particularly in certain proportion to tho carbonatt^ ooiitont, genm’ally slow a, 
good culture of Azolobacler, containing 300 per [Boijorini^lv. 1921 1. 

Although Azotobacter is more potent in tropical (ilimatos, it is prosemt in 
almost all soils of tho world. Its occurronco lias iioen demonstratod in most 
Java soils, in all soils in India, in half of the Polisli soils and in aiioiit 33 |)or 
cent of tho cultivated soils of Jajiaii [I^utchu^s^)n, 1915; Yamagata and 
Itano, 1923J. (U’oavos [1918] has observed that it is very widely distributiHl 
in Utah and Danish soils. Dianowa and Woroschilova [1931] ha vo). houover, 
reported that it is comjilotely absent in Finnish soils, even in those that are well 
bufl'ered and suj)]>liod with OalXlg. 

The efiicaoncy to fix nitrogen by Azotobacter va,rios with difforont strains 
and is markedly alfocted by seasonal fluctuations [Walton 1915 ; Vaiido(aivoye, 
1938]. Krzonioniowski [1909] has observed that the other soil bactoi*ia have no 
inlluonco on its acti\dty. Several workers [Kon is hi and Tsugo, 1933 ; Walton, 
1915 ; Vandecfavoye and Anderson, 1934; Oos, 1913 ; Bortols. 1937; 
Ehronberg. D)10j, liavc observed that the applications of suitable (rhemicals - 
zinc and (uimiaounds of molybdenum and vanadium and fertilizers, such as 
basic slag, lime, pliosphorus and cai bohydratos, increa.se tho number of 
Azotobacter and enhance their activity hi tlie soil. Tho action of basic slag 
is not only duo to neutralization but also due to the presence of iron and 
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manganese in thorn which a(;t as Btiinulatory agents |Mockeridge, 1914], 
Generally speaking nitrogenous compounds de])ross nitrogen fixation in the 
soil [Hills, J917]. Solmeidor [1931J has, h owovor, observed that the application 
of NaNOg and urea favours the growTh of Azoiobacter chroococcum, w liilo a 
continuous dressing of aminonimn sulphate retards its development. Baurn- 
gentel and Simon [1929J Ijavo suggested that the unfavourable effect of much 
cahauin and water in the soil on Azoiobacter presumably duo to the 
physiological action of ( -a (HCjOg )2 and not due to llocculation of soil (*olloids. 

Our knowledge of Clostridium in relation to soil fertility is nu^agre. 
Prol)ably these organisms fix nitrogen in tlu> deej)er layers of the soil under 
anaerobic conditions and give off their nitrogen to tlie plants. 

It is foirly certain that non -symbiotic, or free-living bacteria considered 
as a unit, j^lay a definite part in maintaining the sujiply of nitrogen in the soil 
by fixing nitrogen from the air. Garter and Greaves [ 1 928J, as a r(‘sult of vegeta- 
tion experiments lasting over several years, have recorded annual gains of 
35 lb. of nitrogen per acre-foot. The estimates made by Hall [19121 also 
the later data from Ilotliamstea-d would point out to the same cornel usion. 
Several Russian investigators, prominent among tliese lieing Kosticlmv d al. 
[1929], liavo also stressed the importance of non-syinbiotic fixation in th(^ soil. 
Wilson and Ali [1922] have reported 100 per cent increase in total nitrogen 
(jontents of soils in the district of J bin jab (India) due to bacterial iixation. 

The relative importance of the various non-syinbiotic baideria rosponsililo 
for the increase of soil nitrogen is not, liow ovor, w ell understood. Most of the 
Kiu‘o|)oan investigators have attributed more importance to the aerobic orga- 
nisms, esjiocially tlie Azoiobacter group. On the other hand, many of‘ the 
American in\estigators consider that Azoiobacter '\h not so important as the 
other non symbiotic organisms. Ronazzi [1915] has shown that there is not 
yet (‘(»nclusiv(^ proof that Azoiobacter is of anv vahie under field condit ions as 
a. niti'ogon gathoiTr. Waksman [1931] has also reactied the saine conclusion. 

(//) Lcijuiuc tiacierai. — Riede and Biicherer [1939] have found that tlie 
soyht^an nodule l)acteria markedly enhance the vegetative and repiodmtix o 
grow th of the plants in nitrogon-]K)or soil. 

.\|)plication of nitrogenous fertilizers has a definite iiviluoiico on nitiogen 
fixation by nodule bacteria. It lias boon IVmud that large amounts of nitrate 
and ammonium sulphate, whether a-dded or acuaunnlated, are injurious to nodnh^ 
formation in alfalfa, vetch and clover and this in turn oii nitrogen fixation 
[lYed and (d’aul, I9l(i|. Albixntit [1929] has reported fliat nitrogen lixationf 
by Pseudomonas radicicola will take pla(*t*. in soil containing 1.599 lb ot 
nitrogen as NaNO.^ or 1999-2999 11). of nitrogen as clovm* tops j)or acre. 
Ildie [jresonee of total niti'ogon in the soil up to 3990 li). per acre, does not 
affetT nitrogen fixation by eowpoa. Five plants of cow pea in a pot ha\ o been 
found to fix 1295 mg. of nitrogen. 

By application of nitrogenous fertilizers, the normally formed legume 
uodulos are I’endered entirely iiia(4ivo [Beidermans, 191S]. The amount of 
uitrogeii fixed is inversely proportional to tlio a-mounts of soil nitrogen avail- 
able to the plant ; the effect of nitrate is similar. In early stages nitrog(m 
fixation takes [ilace best w hen small ammints of nitrogen are su])pliod to the 
plant till the flow oring stage [Giobel, 192()]. Ajiplication of mineral nitrogen 
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(3 mg. per plant) to inoculated peas kept at low temperatures had very little 
efiect on the amount of dry matter produ(?od. Nitrogenous fertilizers lowered 
the amounts and perc-entage of total nitrogen present as protein and amino 
nitrogen in crops, but the nitrate application somewhat low ered the nitrate 
content of the (jrop [ V’^aitiovaara, 1937J. TJiornton [1936, 2] and Thornton 
and Ni(5ol [1934] have showni that the ap])lication of mineral nitrogen does not 
damage a leguminous crop w hen grown by itself ; the legumes obtain their 
nitrogen from these compounds instead of through activity of the nodules. 
However, they adversely affect the grovvtli when the fertilizers are applied to 
mixed crop of legumes and non-Iogumes. 

Walker and Brown [1935] found that, in general, the application of 
manure, limestone and phosphate fertilizers to soils served to increase to a large 
extent the numbers of both the alfalfa and rod clover root-nodule bacteria. 

It is generally recognized that the leguminous plants are of great e(X)nomic 
importaiuio in agricailture. The benefit which they confer on the soil is prin- 
cipally due to the nitrogen compounds olab{>ratod in the root nodules and 
subsequently released in the soil [Stallings, 1926]. The ajnounts of nitrogen 
fixed by various leguminous crops under field conditions have been estimated 
by several workers and have boon foimd to average to about 100 lb. per a(;ro 
annually. Analysis of soil under clover, (tarried by Shutt [1931] over a i)eriod 
of' ten years, showed that tins crop enriched the soil in nitrogen at an average 
rate of 50 lb. ])or aero annually. 4'he amount of nitrogen added to the soil 
depends on the nature of the soil and tiie amount of nitrogen available in the 
soil. TliO poorer tlie soil the larger the amount of niirogon taken from the 
air. Whiting [1915] has suggested that about two-tliirds of the nitrogen in 
legumes grow n on soils of normal prodiUJtive pow er is obtained from the atmos- 
plioro. On this basis he has estimated that a 3-ton (*rop of cowpoa hay takes 
86 lb. of nitrogen, a 25-bushol lU’op of soy beau 1(»() II)., a 4-ton clover c.ro[) 
106 lb., and a 4-ton alfalfa 132 lb. The soil oiiricdimont thus produced l)y 
legumes may last for several years | Ni(‘()l, J 933]. Harrison 1 1 915] lias doserribod 
the jirejiaration of nitro -cultures and their commoicJal application. 

(Hi) Higher fonns of life. — Among the higher forms of' life that have tlie 
})Ow er of fixing atmospheric nitrogen the algae seem to be of* some importame. 
Tlio more recent rosoarclies into the fixation of nitrogen by algae have shown 
that tlioso play an impoitant part in tb(' li.xation of nitrogen in tlie water- 
logged soils, ospocrially in tlie rice fields of India. 

I nocnlatiori experirnenlrS 

A good deal of work lias boon done for im'roasing the soil nitrogen eontont 
by inoculating the soil with suitable organisms. 31io v ariinis attonipts made 
during rocont years in this direction imiy lie briofly sim rriarized as follows. 

(i) Azotobacter. — Emerson [1918] has shown tliat although inoculation 
of Soil with Azoiobacter is jiossiblo and practicable, it lias no effect on the 
amounts of non-protein, amino or polypeptide nitrogen in the soil and there 
was no accumulation of these forms of nitrogen in soil uiidor field conditions. 
Lipman [1908] and Lipinan and Brown [1907] have reported that imxiulation 
with Azoiobacter in presoneo or absence of organic matter decreased rather 
than iiKTeasod tlio yield, diy matter and nitrogen content of corn crops 
Bottomley [1910] has, how ever, obtained increased yield in pot experiments 
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with l^arloy, Avdna saliva, galtonia and parBiiipn by inoculating seeds with 
mixed eulturo of Azolobacter chroococcAmi and Pseudomonas radicicola. He 
[1914] has also sliowu that when specially treated ])e,at (jontaining nitrogen- 
fixing organisms are added to soils in pots, there is increase in total nitrogen of 
the soil resulting in largo increased growtii of a variety of {)]ants. Stoklasa 
[1909 1 has obtained better yields of oats, potatoes and boots by soil inoculation 
in field experiments, lirown and Hart 119251 liave found that wheat yield 
was not iucroasod althougli niti-ogen a( 5 Cunuilatod in the soil as a result of 
inocailatiou with Azolobacter. Inoc-ulation with ' nitrofer ’ lias been found 
to 1)0 efteetive in in(a*easing nitrogen fixation in tlie soil fZuckor, 1928]. 
Makrinofl’ [1929] has reported good results from inoculation with noi]“Syiubio- 
tic bacteria. Mc»ro recently, Karunakar and Rajagopal [1937] have obtained 
significant iiuTeaso in yield of grain and straw in sorghum by inocailation of 
seeds with Azolobacter ; tliero was greater response by the addition of CaCO., 
and K^H PO 4 . Martin and Brown [1937] have, however, found that inoculating 
with Azolobacter increased tlie dry weigtit and the total nitrogen in timothy 
grass but not in corn and wheat. 

For siiceessful inoculation suitable carbohydrate, sufficient air supply, 
lime, PoOji, K,X) and other essential mineral nutrients in the soil are necessary 
[Htoklasa, 1909; Vandecaveye and Anderson, 1934; Omeliansky, 1915]. 
Kr(^yl)ig 1 PJ29] lias emphasized the importance of soil reaction for successful 
inoculatioii. There was groatevr liacterial activity in inoculated lime plots 
[Martinand Brown, 1937J. Engel [1931] has shown that Azolobacter nitrogen 
(dead oj- alive) is easily nitrified in the soil. 

v (//) Legume bacteria . — Ball [1907] has found from pot ex})eriments that 
in aitificial inoculation of nitroendturo ’ the number and vigour of the tuber- 
ch\s were not as groat as that occurring by natural means. Inoculation of 
s(H>d w ith nitroculturc leads to increase in nitrogen ; potassium and [)hosj)horu 8 
fertilizci’S gave a further increase [Wright, 1908J. Soil and se(‘d inoculation 
W'ith iiitiagin and nitrobactcrine increased yield in lupines and sand peas, 
esp(^cially in the presence of phos})hate. The nitrobactcrine showx^d a greater 
(‘tlect than nitragin in soil poor in lime [Urabner. 1910]. Inoculation of unde- 
com])osed v irgin Shapgnum moor soil wdth nitragin and azotogin are found to 
have v(U’v good action on yellow lupines ; fannogtvn was almost inactive 
[F(ulif zon and Nystrom. 19*14]. The soil conditions for tlie application of 
nitragin are deficuency of nitrogen, soil reaction and presen(*e of sufficient 
amounts of other fertilizing ingredients and j^rll [Anon, 1919]. (irowth of 
lucerne in south-east Scotland soil took place betweem ^)H (> and 7 ; and no 
growth was observed betw^een ^>H 5*0 and 5*49. Inoculation with bacteria 
r(\sidted in an increase of 100 per cent total nitrogen of dry matter. Some 
strains wore more effective than others [Cunningham, 1928]. Nolte [1919] 
has reported that three of the bacterial nitrogen fertilizers tliat lie tried are 
found to be of limited value as sources of supplying nitrogen to the soil. 

Brown and Stahlings [1921] have found from pot experiments using 
inoculated clover and alfalfa that when the hay crops are removed, there may 
bo some gain in nitrogen in the soil. Inoculation of the nodule liacteria of 
Cieer increased the nitrogen content and produced increased crop yield 
[Razwumovskya, 1934]. Practical legume inoculants containing two or more 
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legume cultures compare favourably with standard group single cultures with 
respect to efficiency of nitrogen fixation and nodule formation [Bond, 1938]. 

Light, heat and exposure do not affect soil eultiai^s as much as agar or 
liquid cultures [Fcdlers, 1919]. Drought and heat have only n temporary 
effect on legume l)acteria in Poulouse silt loam [Vandecaveye, 1925]. The 
poor dx^velopmcnt of nodules in acid soil is due to the effect of acidity on the 
i>acteria during the interval they exist non-syrabiot ically [Karrakar, 1927]. 
Vandecaveye [1927] has shown that Rh, Uguminosarum is capable of surviving 
wide extreiiK^s of moisture and long periods of absence of host plant ; it is dis- 
tributed by wind and dust storm to a slight extent. Soybean nodule l)ac- 
teria is relatively short lived, rarely surviving a year [Wilson, 1934], Move- 
ment of AsiraUujus sinicus (genge) is largely influenced by moisture content 
(optiinum being 18 per cent and no movement at k\ss than 5 per cent) and silt 
concentration. There is strong chemotoxic action between l>{U‘teria and 
genga seeds [Itano and Matsuura ; 1934]. Hofer [1938] has shown tliat five to 
forty bacterial cells are necessary for successfid inoculation of clover and 
alfalfa seeds. Asparaginate in place of yeast (extract is useful in tlu^ medium 
for distril)ution of cultures. For best performance, the culture for inoculat ion 
should carry at least 80 millions of bacteria per lb. of seeds. 

Joshi [1920] has found that the root nodule bacteria exert a Ixmeticial 
influen(‘e on graminaceous plants also. By experiments with porous cylinder 
he has shown that soluble products are excreted into the soil. Stablings [1 920] 
has shown that wheat growm with inoculated soybeans imi} under fa vourable 
conditions ol)tain considerable amounts of nitrogen from the latter, witli a 
lowering in their nitrogen content. It contained a higher javreentage of 
nitrogen than wheat grown alone. Decrease in acidity of soils h'ads to in- 
crease in nitrogen content in logurniuoiis plants ; at y>H0itis3O percent 
higher than at pW 5. Dcunolon and Dumez [1938] have shown tliat tlu' same 
soil fatigue plumomna due to continued legume culture occurring with clover, 
Ippine, peas, beans and soybeans is the sanuc 

A thick close cro}) in crimson clover favours an early accumulation of 
nitrogen, the first month of groAvth yielding one third the total. The distribu- 
tion of nitrogen in different })arts of the plant varies greatly, about- a third on 
an average being in the root [Fenny and Macdonald, 1909]. Smith [1912] has 
reported that the number of Rhizobia present varies from 3 — 4 millions jier 
gram of soil; the number of the organisms affords an index of the ter tility of the 
soil. Application of nitrogenous manure during the early period of growtli of 
inoculaUed ])lants produce good results by preventing any injury durijig thci 
period of hunger [Bitter, 1911]. 

(Hi) Seed, root and plant moculalion , — Dunham and Baldwin [1931] have 
indicat(^d the necessity of using only effective strains of the nodule organism, 
for seed inoculation since definite detrimental results may occur by tlie use of 
ineffective strains. Nobbe et al. [1909] have found that pure culture of bac- 
teria obtained from a liind of legume w^orks symliiotically with other species 
of the same genus of plants. Idiere are, however, gene.ra, of legumes, su(4i as, 
pea and vetch, serradella and lupine, in which rociprcxail inoculation increaseB 
the supply of nitrogen in the soil. 

Inoculated seeds should not lie stored for long periods before sowing, but 
the delay of several days or even a month may not do great harm [Fellers, 1918]. 
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From a eomparativo study of the uit.rogfui (^(uiterit of seeds and inoculated 
plants Wliiting and Schooner |1920| liave shown that inarlo^d fixation of 
nitrogen takes places aftan* the formation of the fi rst k^a f. 1 9 days a ftca^ jilanting. 
The first a,i)pea,ra,nc(^ of nitrogen fixation was niru^ days after’ pljinf ing and by 
26 days the amount of nitrog(n fixtal was thr(H^ times that contained in the 
original seed, llie older secais of a given legume are nior(^ acid than the fresh 
seeds [\\/ilson, 19119, 1]. Tliornton |l92f)| has shown that the appearance of 
nodules coincid(\s wdth tlie op(ming of tlu^ first true kaif. The active sulistance 
inducing nodulation is not foi rned })y the leaf, for tht^ renioval of leaf wdiilc 
still closed has no influence on nodule appearance. IMants containing sufR- 
eient nitrogtn art^ immune to further infection of radieicola [I.ohnis, 1930], 
Link [1937] has shown that ILindolacetic a(ad is one of the agents, if not the 
agent, resjionsilae for tlu', incitation of nodulation in susce])til>le hosts. The 
effect of such hetcro-auxones may account for tlie beiK^fieial effect obtained by 
green manuiing with nodul(‘ funning plants and l)y manures, composts and 
humus soils. (hemi(‘als hav(‘ v(‘Ty little eflecd on nodulation. Tr(‘ated seeds*'" 
produce larger nodul(^s than the untrc'ated [Kadow' ei at., 1937]. 


Mixed cvUure Mudies 

So far, few attempts have beam nuuk^ to study nitrogen fixation by the 
mixed flora of tiu^ soil which is tin* nearc'st approach to soil conditions. The 
p]’e{*is(^ manner in which the nitrogen-fixing organisms, especially AzoiohacUr 
and ChMridinin f'uiH'tion in the . v il where they have to compete with the other 
soil organisms and the extent to which the combined activities of all these 
organisms e()ntril)ut(‘ towards nitrogen fixation in the soil are not wadi under- 
stood. Tin* i'(‘cent investigations of Bhaskaran and Subrahmanyan [1937] 
with tin* mixed floi*a of tln^ soil have shown that tlie study of nitrogen-fixing 
organisms in [uire <‘ult ures are only of limitirl value in explaining the mechanism 
of the process (K'curi ing in I lie soil. They have reported that the fixation of 
nitrogi'ii liy t he mixed flora of the soil follow^s a different course from that of a 
puri^ culture of Azoioimier alone in artificial media. The latter is compara- 
tiv(‘ly slow' in d(‘fa)mj)osing sugar, and the fixation proceeds only so long as the 
sugar lasts in the medium. The residual matter is not utilized to an appreci- 
able extent in the fixation of‘ nitiogen. On the other hand the mixed flora 
of the soil though fewi'r in number rajiidly decompose the sugar. Only a 
small quantity of nitrogen is fixed in })resenee of sugar while the major part 
amount ing to over two-thirds of the total quantity fixed, is fixed in the later 
8tag(\s [Bhaskaran and Subrahmanyan, 1936]. They [1937] have further 
shown that tlie products of decomposition of sugar are utilized in this sub- 
sequent fixation. 

The above obs(*rvations would suggest that although Azotobacter may be 
potent l)y its(^lf in the early stages of sugar decomposition, it does not play a 
large part in nitrogen fixation in presence of other organisms of the soil. The 
latter decompose the sugar at a ra})id rate, so that it will receive only a limited 
amount of the organic nutrient and will, in consequence, fix only a small 
amount of nitix^gen. The fixation that takes place in the soil after the dis- 
appearance of sugar is presumably due to the other organisms present in the 
soil. 
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Bhaskaran and Subrahmanyan [1937] have also shown that the residue 
left after the decomposition of sugar is highly potent in fixing nitrogen in the 
soil. Thus, there is threefold increase in the amount of nitrogen fixed by the 
mixed flora of the soil when the residue is used as energy material in place of 
sugar. From the agriculturists’ point of view, this observation is of consider- 
able practical importance. 

Discussion 

Prom the evidence so far collected on the question of fixation of atmos- 
pheric nitrogen by living forms, it would appear that the capacity of fixing 
nitrogen is mainly confined to unicellular organisms. The distribution of 
nitrogen “fixing power is not, however, manifested in any one stage of evolution 
of life. Perhaps the algae are the most primitive organisms which have the 
power of fixing nitrogen. Probably the processes of carbon and nitrogen 
assimilation, as manifested in the blue green algae Ayiabena, are coeval in the 
process of evolution and this must have been the case in order that any living 
organism could have ever appeared on this earth. The fact that organisms 
living under entirely different environmental conditions, such as, in the ab- 
sence of molecular oxygen, in presence of plenty of oxygen and in the living 
tissues of higher plants fix nitrogen, would show that the function of nitrogen 
fixation was more universal among the living organisms once upon a time. 
Later on, with evolution only a few of them retained the power so as to main- 
tain the stock of combined nitrogen in the soil. 

The process of fixing elementary nitrogen is not, however, identified with 
the life of the organism. The organism does not fix nitrogen in presence of 
readily available combined nitrogen in the medium. Further, they do not 
depend on the nitrogen-fixing process (unlike the autotrophic baeteriti which 
depend on nitrification) for their maintenance. The process of nitrogen 
fixation being a secondary life process, it is probable that the fundamental 
mechanism involved in nitrogen fixation is similar in the difl'erent forms. Tlie 
study of the chemical changes that are involved in nitrogen fixation apart 
from the general metabolism of the organisms has been of great scientific 
interest. 

The nitrogen-fixing reaction requires a source of energy, the presence of 
minerals Ca (replaceable by Sr) and Mo (replaceable by V) and an o[)timum 
reaction. In view of the uncertainty of the first chemical step in nitrogen 
fixation it is not known whether the process is exothermic or endothermic. 
Whether it fixes nitrogen or not the organism uses the same amount of energy 
material (carbohydrate) for its growth. These observations would suggest 
that the energy material has no part to play in the chemical mec^hanism of 
nitrogen fixation. It is, however, difficult to understand how small concentra- 
tions of Ca and Mo (replaceable by Sr and V respectively) have a specific role 
in nitrogen fixation. 

The nitrogen-fixing reaction in the living forms is essentially a chemical 
process. The changes of the Ng molecule to form part of the bacterial protein 
are so rapid that it has not been possible to know the different stages of the 
reaction. To get a complete picture of the scheme of reaction, it is necessarj^ 
to isolate the nitrogen rixing a])paratiis apart from the living cell so that the 
reaction could be arrested at the different stages and studied. 
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A consideration of the physico chemical data in regard to nitrogen fixation 
would, show that the catalyst responMiLle in bringing about the reaction is an 
enzyme. I'he extra-cellular isolation of the enzyme lias not, however, been 
possible. The future line of woidc therefore consists in the isolation of this 
enzyme and study of its exact chemical nature with a view to finding out the 
active chemical group in it which is ultimately responsible for the nitrogen - 
fixation reaction. 

In addition to its theoratical interest the problem of biological nitrogen 
fixation is of considerable practical importance. So far, the various attempts 
to use the nitrogen -fixing organisms as a source of supplying nitrogen to the 
soil for increased plant growth has not been successful. Probably a fuller 
understanding of the chemical mechanism of nitrogen fixation wamld enable 
the farmer to make ubc of this biotic energy for increased crop production. 


Summary 


1 . The various forms of life that fix atmospheric nitrogen in nature have 
been classified into (a) the non-symbiotic or free living bacteria, (/>) the symbio- 
tic or legume liacteria and (c) higher forms of life consisting of algae, fungi, 
yeast, actinornyces, germinating seeds of legumes and difterent vegetative 
jiarts of certain higher plants. 

2. Azotobacter and Clostridia are the important non-symbiotic organisms 
which fix nitrogen in the soil. The Azofohacter is typical of the aerobes and 
t he Clostridia of anaerobes. 

3. Azoishacter is generally present in soils having pW above 6*0. The 
ecdls contain volutin bodies, fat and metachromatic granul(\s. 

4. The nutritional requirements of AzotobacUr consist of a source of 
energy, w^atcu* and certain minerals. The organism uses carbohydrates, salts 
of organic acids and alcohols as energy source, Soil luunus has been found to 
exert a stimulatory infliKmce on the organism for nitrogen fixation. Vitamin 

and i)hytonucleic acid stimulate growth and nitrogen fixation, (-ertain 
minerals in optimum concentration ar(‘ necessary for th(‘ grow th of Azofobacter, 
and among these calcium (replaceable by strontium) and molybdenum (re- 
placealde by vanadium) are specific for nitrogen fixation ; manganese and 
uranium com})ounds accelerate nitrogen fixation, lion plays no specific role 
in the mechanism of nitrogen fixation, 

5. Azotobacter respires at an enormously high rate. Spectroscopic exami- 
nation of the cells reveals a resjjiratory mechanism similar to those ascribed 
to aerobic cells : the respiratory enzyme band is in the red region at (>82 j p. 

0. The activity of Azotobacter is d(‘pendent on the reaction of tlie media, 
temperature and air supply. The organism grows between fi-fi and 9*(). 
It grows and fixes nitrogen between temperatures 10 and 50 'C., the optimum 
being between 34 and 35°C. Aeration of the medium facilitates nitrogen fixa- 
tion. 

There is, however, a marked influence on the amount of nitrogen fixed 
when the organism is exposed to light of different colours ; yellow light is l)etter 
than blue. It fixes more nitrogen in presence of protozoa, amoeba and certain 
species of bacteria and algae. 
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7 . The organism does not fix nitrogen in presence of rapidly available 
combined nitrogen, 0-5 mg. per lOD v. e. media complet(‘ly inhibits nitrogen 
fixation. 

8. In dextrose media, Azotobader produces formic, acetic, lactic and 
tartaric acids and ethyl alcohol ; a large })art of the sugar is converted into 
carbon dioxide. 

9. The cells consist chiefly of carbohydrates, proteins and a small per- 
centage of minerals. The proteins are very similar to those of other organisms 
except for a high content of arginine. 

10. In culture media Azotobader produces a characteristic slime. It is 
a carbohych'ate, and is levo«rotatory and it belongs to the class of true gums. 

11. With ageing in culture medium the organism produces characteristic 
pigments ; the pigment is a melanin of unknown nature formed from tyrosine 
by the action of tyrosinase. 

12. Nitrate, ammonia, hydroxylamine and amino acids have been re- 
ported by different workers as the first intermediate product in the fixation 
of nitrogen by Azotobader. Direct experimental evidence for the oxidation 
of nitrogen to nitrate is lacking. Detection of ammonia, hydroxylamine and 
amino acids may be explained according to the following scheme : — 


N 2 ^ hydroxylamine > amino acids (asparatic 

acid) ammonia. 


It is therefore lik(dy that the first intermediate product is hydroxylamine 
and that the amino acids and ammonia detected represent t he later stages of 
the reaction. 

13. The properties and behaviour of the nitrogen-fixing system in Azoto- 
bader are, however, characteristic of an enzyme reaction. It has been con- 
sidered as a phyoonzyme and named azotase. The specific component with- 
in the azotase system which combines with the molecule is termed nitro- 
genase. The auxiliary substances known at present for the enzyme reaction 
are calcium (replaceable hy strontium) and molybdenum (replaceable by 
vanadium) and hydroxyl ion. The extra -cellular isolation of azotase and the 
study of the enzyme apart from the growth and general metabolism of the 
organism has not so far been jiossible. 

14. Clostridia are present in almost all soils of the world and are found 
in rather large numbers in acid soils. They occur more abundantly than 
Azotobader. 

15. The different species of Clostridia have not been clearly defined. 
Clostridium pasteurianum is typical of the species fixing nitrogen, and it is an 
obligate anaerobe. 

Ifi. The organism can be easily isolated from soil by using Winogradsky’s 
nutrient medium and by prolonged pasteurization at The optimum 

temperature for the development of Clostridium pasteurianum is between 28^ 
and 30‘^C. and the optimum reaction is between 0*9 and 7*3. 

In presence of oxygen the organism forms characteristic spores. The 
spores are not destroyed at 75^C. even at the end of 15 hours. They could be 
preserved in the dry state for 20 years with the nitrogen-fixing power in tact. 

17. In sugar media characteristic butyric fermentation takes place ; 42 
—45 per cent of dextrose is converted into a mixture of acetic and butyric 
^cids in varjring proportions ; small amounts of alcohol (ethyl, propyl anc] 



IJ FIXATION of ATMOSraafRiC nitrogen IN LlVlNO FORMS 

isK^utyi) are formed and a considerable evolution of a mixture of carbon 
dioxi^ and hydrogen also takes place. 

18. In nitrogen-free media the organism fixes about 3 mg. nitrogen per 
gm. of sugar decomposed. The greater the concentration of sugar, the lower is 
its economic utilization; 3-2 mg. nitrogen is fixed in 0-5 per cent glucose 
solution, 2 • 0 mg. in 2 per cent solution and 1 • 2 mg. in 4 per cent solution. 

Combined nitrogen in the medium reduces nitrogen fixation ; presence of 
6 parts of combined nitrogen in 1,000 parts of medium has been found to 
completely inhibit nitrogen fixation. 

19. It is claimed that a large number of free-living bacteria present in 
the soil other than Clostridium and Azotobacter have the power of fixing nitro- 
gen. But it is doubtful whether these are of any importance in soil nitrogen 
fixation. 

20. A group of soil bacteria known as Rhizobia has been found to infect 
the roots of leguminous plants and develop characteristic nodules ; the bac- 
teria in association with the plant fix atmospheric nitrogen. 

Six species have been recognized in this group of bacteria, viz. Rh. legumi- 
nosarum Frank, Rh. Irifolii, Rh. phaaeoli, Rh. meUlote, Rh. japonicum and Rh. 
lupini. 

21. Whether grown in culture media or soil, the bacteria exhibit a clear 
and definite life cycle which consists of five stages : (a) the small non-motile 
pre-swarmer coccus, (b) the larger non-motile coccus, (c) motile swarmer, 
(d) rod form and (e) the stage of high vacuolatioii (bacteriod). 

This distinct life-cycle has a bearing on the spread of bacteria through 
the soil and consequently on the infection of the host plant. Special reproduc- 
tive cells, gonidia or spores are not formed in the process of reproduction. 

22. The nodule bacteria can be easily cultivated in artificial media. I’he 
ot)timum pH for the growth of the nodule bacteria in nutrient gelatin lies 
between 6- 5 and 7- 5. The bacteria present in different leguminous 
plants are divisible into two physiological groups according to their cultural 
characteristics and biochemical reactions. The organisms present in alfalfa, 
clover, pea and dahlia produce an acid reaction in sugar media while those of 
soybean, cowpea and lupine an alkaline reaction. 

23. The appearance of the nodiile on the seedling takes place with the 
unfolding of the first true leaf ; the removal of the leaf, however, does not 
delay nodule formation. The active substance secreted by the bacteria pro- 
duces a weakening of the cell-wall and bacteria enter the root at this point. 

There is a marked sja^cificity in the infection of host plant by bacteria ; 
18 host' specific species have so far been recognized. Infection of the host 
plauiyOutside the specific group is of rare occurrence. 

v 44. The entry of the bacteria into the root hair produces important his- 
tological changes in the host tissue leading to rapid division of the root cells 
and formation of nodular tissue. The bacteria are distributed through the 
end nodules in three different ways in different legumes : entry through per- 
foration in the cell wall, infection of the inter-cellular spaces and invasion 
of the meristematic cells. The cytoplasm of the infected cells becomes closely 
packed with bacteria which later on become branched and constitute the so- 
called ‘ baqtWiods ’. A group of these bacteriods form the nodule. 
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26. Neither the bacteria nor the host plants can fix nitrogen by them- 
selves. The process of nitrogen fixation ib therefore the result of symbiotic 
relationship between the plant and the bacteria. The nitrogen fix^ in the 
nodular tissue is translocated to the different parts of the plant. 

26. The proper functioning of the bacteria within the host depends upon 
the maintenance of a nice physiological equilibrium between the host and the 
bacteria. Presence of nitrate, ageing of the nodules and food supply deter- 
mine this equilibrium. An adequate and unhindered carbohydrate supply 
is essential for the healthy functioning of the nodule. 

27. Natural humic acid and iron salts stimulate growth of Rhizobia. 
Adsorbed calcium is useful in transforming the abnormal nodules into effec- 
tive nddules. Titanium salts have specific morphological influence on the 
bacteria. The supply of exchangeable bases is a limiting factor in legume 
growth and nitrogem fixation. 

28. Maximum ^owth and respiration take place near neutrality with 
constant activity between pH 6-0 and 7- 8. The effect of soil acidity on 
nodule formation is not due to its effect on the growth of roots of the plant but 
due to its effect on bacteria when it existg in the soil non-symbiotioally. 

29. Yeast extract, molasses, sauerkraut and extracts of leguminous 
plants contain accessory growth substances which greatly influence the growth 
of nodule bacteria. They provide an initial H donator which in ,turn lowers 
rH and supplies a readily available initial source of energy. 

These extracts contain a secondary accessory factor which in conjunction 
with vitamin Bj is highly active in promoting the growth of bacteria. This 
effect is due at least in part to the presence of thiamin and flavin in those pro- 
ducts. 

The beneficial effect of certain extracts may be due to their effect on the 
oxid^ion-reduction potential of the medium. 

-^30. The formation of bacteriods in the nodosities . is also dependent on 
the presence of alkaloids in the roots. Caffeine, quinine and strychnine in 
small doses stimulate growth of bacteria in liquid cultures. ^ 

i/^1. The bacteriophage isolated from nodes of leguminous roots is active 
in dissolving the bacteria ; the lytic action is., specific. 

32. The presence of rapidly available combined nitrogen in the soil de- 
creases nitrogen fixation in the nodules ; the influence depends on how it alters 
the C : N relationship in plants. 

" Small amounts of amino acids result in the loss of infective ability of 
Rhizobia. 

33. With nitrogen fixation the organism preducas a characteristic slime. 
It is produced in faintly alkaline and neutral media but not in acid media. 
It is a polysaccharide containing glucoronic acid. 

34. The composition of the nodular tissue is not different from that of the 
other parts of the plant. The proteins are similar to those of Azotobact&r. 
20 per cent of the nitrogen of the nodule is arginine. 

35. In sugar media the bacteria produce acids, alcohol and traces of 
aldehyde ; the fermentation is of the pyruvic acid type. 

36. Evidence has been adduced to show that in symbiotic nitrogen fixa- 
tion nitrogen molecule is first converted into hydroxylamine thmugh an un- 
known intermediate. The hydroxylamine reacts with the oxaJboetio aoid 
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from the plant to form oxime which is then reduced to give /-asparatic acid. 
But tj^evidence in support of this scheme of reaction is, however, inadequate, 
Wm . The nitrogen compounds excretpd by nodules are mainly amino 
acids ; asparatic acid accounts for 50 per cent of the amino aciiis, while the 
Other half probably is lysine. The excretion takes place right from the bac- 
teria inside the nodules and not from the roots. Direct contact of the roots 
and nodules with solid particles is necesaar/ for nitrogen excretion. The 
excreted nitrogen represents the primary product of nitrogen fixation and not 
the decomposition product of the proteins. 

38. The rate of respiration of module bacteria is considerably higher than 
that of other bacteria. The respiratory quotient (iJ. Q,) is higher in Rh, 
trifoUi than in the other species. The rate of oxygen consumption increases 
with increased oxygen pressure in the atmosphere. 

Yeast extract, cane molasses, humic acid and commercial egg albumin 
increase the rate and extent of oxygen consumption by all strains of Rhizobia. 
This may be due to the presence of a coenzyme in those substances, which is 
essential for respiration. 

39. Symbiotic nitrogen fixation has also been considered as an enzyme 
reaction. Nitrogen fixation is dejfendent on the pressure of nitrogen (pN*); 
the thermodynamic dissociation constant (iNg) is 0-05 ±0*005 atmospheres, 
whereas in the non-sym biotic organism {Azotobacter)^ it is 0*215 ± 0*002. 
The relation of the nitrogen -fixing reaction to oxygen pressure being inde- 
pendent of the source of nitrogen, it is probable that molecular oxygen is not 
directly concerned in the fixation process. In presence of H 2 , however, there 
is an intimate relationsliip between the enzyme system responsible for fixation 
of free nitrogen and the oxidative system present in it. Molecular hydrogen 
inhibits symbiotic nitrogen fixation whereas it is quite inert towards non- 
symbiotic nitrogen fixation brought about by Azotobacter. 

40. Certain species of algae, yeast, fungi, germinating seeds of legumes 
and certain plant cells have been found to fix atmospheric nitrogen. 

41. Three species of the blue green algae, Anabaena isolated from the rice 
fields of India have been found to fix atmospheric nitrogen. 

42. The evidence for fixation of nitrogen by free living fungi, yeasts and 
aetinomyceis is, however, inadequate. But mycorrhizal fungi in association with 
the roots of ericaceous plants utilize atmospheric nitrogen. 

43. In view of the Conflicting evidence it is difficult to draw any definite 
conclusion regarding the ability of germinating seeds of legumes to assimilate 
atmospheric nitrogen. 

44. Itw claimed that roots and leaves of certain non -leguminous plants 
exhibit tH^e power of fixing atmospheric nitrogen either by themselves or by 
their association with the bacteria present in them. 

46. The nitrogen-fixing bacteria in the soil are tlie cliief agents respon- 
sible for maintaining the store of soil nitrogen. 

46 . The relative importance of the various non-symbiotic bacteria res- 
ponsible for the increase of soil nitrogen is not well understood. A^tobacter 
is present in almost ail soils of the world and is more potent in tropical soils. 
Our knowledge of Clostridium in its relation to soil fertility is, however, 
meagre ; probably this fixes nitrogen anaerobically in the deeper layers of soil. 
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47. The leguminous plants are of great economic importance in agricul- 
ture. The nitrogen fixed in their nodules is released in the soil for plant nutri- 
tion i The soil enrichment thus produced by legumes may last for several 
years. . 

48. Artificial inoculation of azokJxicter and other non-symbiotic nitrogen- 
fixing organisms in the soil has net so far proved successful in general agri- 
cultural practaoe. 

49. The various attempts at soil, seed and plant inoculation with com- 
mercial cultures of legume bacteria are described. It is possible by seed 
inoculation to improve the growth of legumes in regions where non-effective 
strains of nodule bacteria predominate in the soil. 

60. The fixation of nitrogen by the mixed fiora of the soil follows a dif- 
ferent course from that of pure cultures of the nitrogen-fixing organisms in 
artificial media. The economy of carbon utilization in nitrogen fixation by 
the mixed flora of the soil is different from that of Azotobacter in pure cul- 
ture. 

When the products of anaerobic decomjHJsition of sugar are used in place 
of sugar as energy material, there is threefold increase in the amount of nitro- 
gen fixed by the mixed flora of the soil. 
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ADDENDUM 

Since this paper was communicated for publication, a large volume of work has 
been done, particularly on the biochemical aspects of nitrog on fixation. A brief refer- 
ence may be made to the more important of these researches. 

Azotohacter 

Bortels [1939 ; 1940] and Burk and Homer [1940] have further shown the need of 
molybdenum in growth by Azotohacter, At the same time it is becoming increasingly 
clear that although all nitrogen-fixing organisms so far tested require molybdenum (or 
vanadium), iron, and calcium (or strontium case can it now be considered as prob- 
able that these elements are specifically requirea in the nitrogen-fixation process os dis- 
tinguished from general assimila^tion of combined nitrog^. Ilie only qualitative fixation 
specificity that can be regarded as established at pfmel^is hydrogen inhibition, and even 
this is probably essentially physical rather than chenfical. 

Burk [1941] has shown that growth of Azotobacter, in both free and fixed nitrogen, 
requirfis, as in the case of most if not all other bacteria and higher forms, a minimum 
concentration of carbon dioxide ; inhibition of Azotobacter growth by too low pressures of 
carbon dioxide (0 ‘05 per cent or less) is readily observed in a Warburg apparatus by 
maintaining too effective absorption of respiration carbon dioxide in the alkali, with very 
dilute oiilturos. Carbon dioxide about 1 per cent or more lowers (reversibly) the oop- 
centration range over which nitrite is toxic for respiration and growth, 
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Wyss and Wilson [1941] have reported that essentially all the hridings on inliibition 
of symbiotic fixation by hydrogen [Wilson, 1940] hold ajso for fixation by Azotohaoter, 
Burk and Burris [1941] have confirmed those observations, which obviously introduce 
great unity into our conception of the processes of fixation in Azotohacter and in legume 
symbiosis. Acceptance of those now findings necessitates a ro- interpretation of the 
hyperbolic function obtainixl in the experiments of Lino weaver, Burk and Deming 
several years ago. 

Homer and Burk [1939] have observed that young cultures of Azotohacter vigorously 
fixing nitrogen generally excrete some 10-25 per c(‘nt of the nitrogen into tlio Burrounding 
medium. The extra-cellular nitrogen is quite a hetorogonous mixture ; about two -thirds 
is procipitable by lead acetate, one-third by phosjilio-tuiigstic acid, one-fifth by aluminium 
sulphate and still less by trichloracetic acid. Winogradsky [1939, 1, 2], in support of 
his previous observations, has adduced ovidoiicc that autolyzing silica gel cultures of 
Azotohacter yielded more ammonia nitrogen after disappearance of the organic substrate 
than cosresponded to the simultaneous loss of total nitrogen. In his opinion, a highly 
efficient enzymic synthesis of ammonia was involved, wliich accumulated slowly ov(>r 
a period of montlis a relatively important amount of ammonia, under conditions that 
might well obtain in soils or waters. The evidence is still not convincing. 

Clostridium 

The present authors have obtained evidence that during decomposition of gIucoB(5 
by Clostridium pasteurianum, there is very littk? fixation of nitrogen in tli(^ first 10-12 
days, ajthough during this period there is rapid conversion of the sugar carbon into 
volatile acids and other soluble products. The major part of the fixation taki's place only 
after the sugar has <iisappoarod from the medium. liming this period there is little loss 
of carbon from the medium, the efficiency of nitrogen fixation being of tlie order of 1:19. 
There is gi*eater intake of carbon than nitrogcai by the etils during the (^a-rly stages of 
growth. The nitrogen thus fixed is mostly presf'iit in th(^ r(^sidii(i eonidsting of liactorial 
cells. 

It may, therefore, bo concluded that nitrogcai fixation l)y the flora of the soil 

in sugar media takcis place in two stages : th(‘ first stage of a< 'rol>ic fixa tion whieli continues 
till tht^ added sugar disappears and hi wliich Azotohacter is the cliief t)rgani8m concca'jiod in 
the fixation ; tliis is followixl liy the second stage in wlii(*h Clostridium coiitributes the 
nitrogen fixation. From the point of view of cai bou utilizati(.>ii, the efficieuey of nitrogen 
fixation in the later stage is much more favourabhr than in the first st^ige. It would 
appear that Clostridium is of gn^ator importance tlian Azotohacter in soil nitrogen fixation. 

Rhizobium 

In his monograph Wilson [1940] has d<‘alt with the dift'eri'iit aspects of symbiotic 
nitrogen fixation (chiefly biochemical) that )iav(‘ und'rgoiK^ eonsiderahi(^ devalopmeut 
in the last d€H:;ade -the biochemistry of tlie bacteria in pun' cultur(', the interaction ot 
host plant and bacteria, the chemical mechanism <>f tlu^ fixation pro(u‘Ss, tie' tllect of the 
carbohydrate-nitrogen balance in the* Iiost on fixation, i'xendion ot nitrogtrious substances 
from nodules into the rooting inodimn, physico-cliemical studies of possible enzyme 
systems, and a discussion of practical ap})lications. 

Virtanen [1939] has claimeil that leguinos utilize aspartic acid in preference to all 
forms of fixed nitrogen, and that non-legumes (wheat, barh y) use it s(*ar(uly at all, a claim 
of great significance for the hydroxylaiuine (oxime) theory of h^gurm^ nitrugcrv nutrition. 
The weaknms of tliis theory is that neither hydroxylamiiKi nor oxime has evrr* btxri 
clearly shown to be an avaiiable source of nitrogen for nutrition ot cither symbionts or 
Azotohacter oven at non-toxic concentrations. 

Virtoneii and Lain© [1939], and Virtanen and Torniainen [1940] liavo turtlau’ shown 
that imder the widely vaned and studied t^xperimental (‘onditions usi d by t hem leguinin- 
OU8 plajits almost invariably excrete into th(> soil considc^rablo amounts of tlie nitrogen 
fixed frorp the atmosphere. The amoiiutvS f^xerett'd are gn^ater than can bo aeetounted 
for by sioughing-off of nodules, and excretion frequtnitly occurs early in the life of the 
plant before appreciable decay or sloughing-off would bi> anticipated. The objection that 
nou-symbiotic ifitrogen fixation is responsible lor the observed (>tfeet is answered by 
experiments carried out by Virtanen and liis co-workers aiuhu’ bact(iriologically controlled 
conditions. Wilson and Wyss [1939], Bond and Boyes [1939], Bomashev [1939], and 
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Ludwig and Allison [1940] have obtained negative results. Slight, but questionable, 
excretion has been observed by Shapter [1939] and by Madhok [1940], Variable results 
with some positive findi^s have been recorded by Scholz [1939]. Wilson [1940] concludes 
that excretion is obtained only under particular conditions, namely, those providing 
sufficient photosynthesis to ensure a fairly high rate of nitrogen fixation but without 
excess of carbohydrate to bind into the plant all nitrogen as it is fixtid. 

Accoitiing to Kubo [1939] the ‘ red body ’ present in nodules, which Pietz described 
as an oxidation product of dihydroxyphenylalanine, is a hemoprotein. He found that 
the hemoprotein, wliioh he has isolated from the nodules of many leguminous species, on 
dissociation, gives a hemin identical in crystal form with the hemin from horse hemoglobin. 
He reported that the hemoprotein stimulated succinate oxidation by i?. japmicum. 
Link and Eggers [1940] found that nodulcM? of beans and pefis had different auxones and 
a higher auxone content than roots grown on sterile substrates. Gcx)rgi and Beguin 
[1939], however, found that the soil organism B. radiobacter produced auxin at a more 
rapid rate than the root nodule bacteria. Evidence that auxins are really critical in the 
formation of the highly differentiated tissue of root nodules is as yet merely suggestive. 

In their initial publication Allison, Hoover and Burk a few years ago observed that 
coenzyme K is not identical with the complex, bios, and left open thej question of its rela- 
tionship to components thereof. Nilsson ei al, [1939, 1, 2], and West and Wilson [1939 ; 
1940] showed its virtual identity with bios IIB, or biotin. Still further confirmation was 
later provided by Gyorgy et al. [1940, 1], who concluded that these two substances were 
also identical with vitamin H, a conclusion that was further established by Vigneaud 
et al, [1940] and Gyorgy et al. [1940, 2]. The establishment of the identity of biotin, 
coenzyme R, and vitamin H is obviously of great significance for connecting plant and 
animal vital economy, the more bo in view of the already demonstrab^ r6le of coenzyme 
R in respiration and hence probably in fundamental intermediate metabolism, and also 
in view of the many directions which research on biotin lias taken in 1940, since its con- 
nection with animal metabolism has become known. 

So far, no direct r6le of coenzyme R is indicated in the nitrogen -fixation proct^ss. 
This possibility is not to be excluded, fiowever, in view of the fact that the (iffoet of 
coenzyme R in Rhizobium respiration involves the presence of readily available nitrogen 
[Allison and Hoover, 1939], as has also bt^n demonstrated by Burk etal. [1941] in its 
effect on both respiration and fermentation of yeast. 

Ruben et al. [1940] have made an isotopic approach to the study of nitrogen fixation. 
They exposed tops of barley plants to purified radioactive nitrogen, for 20 minutes, 
and then subjected the tops to a hot alcohol extraction ; the f^xtract was next boiled 
in a stream of air. An extract from a control plant, killed by boiling water, showed no 
radioactivity, whereas the extract from the live plant contained small amounts of 
As the authors stated, the evidence indicates fixation of nitrogen, but the possibility of 
exchange has not been eliminated, and more details and control experiments are ne^ed 
for the data to be convincing. 

Algae 

Referring to the recent work of Do [1939] suggesting that certain algae, parti- 
cularly those from some rice fields in Bengal (India), are able to fix atmospheric 
nitrogen, Chaudhuri [1940] has reporttxi that hie own work leads to the view that bacteria 
(Azotobacter), living in the mucus sheath of these algat), are responsible for nitrogen 
fixation. 
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T he conclusions of any field experiment are based mainly on the pooled 
estimate of the variance within the different replications after eliminat- 
ing for treatment effects. This variance, as is well known, is influenced by 
a number of causes, the most important of them being the size and shape 
of plots, the design of the lay-out and the extent of heterogeneity present 
in the site selected for the experiment. Uniformity trials, as indicated by 
Cochran [1937], enable us to improve the methods of field ex]:>erimentation 
by obtaining information on the three points mentioned above. 

A review of the literature on uniformity trials will show that most of 
them deal with the optimum size and shape of plots. The number of replica- 
tions required for a certain degree of accuracy has also been worked out in 
elaborate detail on the basis of these trials. The number of replications 
required for any experiment depends on the variation between |)lot to plot 
in the particular area selected for the experiment and also the degree of 
accmacy expected in the results. As these two factors are likely to change 
from field to field, the value of the findings from a particular uniformity 
trial regarding replications is not of any general use. But the trend shown 
by the studies on the plot^ize and the efficiency of different experimental 
designs is of immense value in improving the technique of field experiments. 

The j)urpo8e of the present paper is to examine a wheat uniformity trial 
data with a view to obtain information on a number of points which will be 
of great use in laying out field experiments. The literature on the different 
aspects dealt with in this paper will be reviewed in brief when we discuss 
the respective results. 


Material 

The data of the present investigations were collected at the Agricul- 
tural Sub-station, Karnal, in April 1937, at the time of harvesting wheat 
I. P. 114 from the General Area No. 2 (Plot No. 38). The plot was sown on 
11 November 1936 with a Monarch drill with 9-in. spacing between 
rows, and the crop was irrigated thrice before haiwest. There were 
0-74 in. of rain in May, 14* 33 in. in June, 9* 04 in. in July, 6*07 in. in August, 
4*85 in. in September, 1*60 in. in December, 0*02 in. in January, 4*68 in. 
in February, 0* 12 in. in March and 1 • 63 in. in April. The cropping, manuring, 
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cultural and other operations were uniform over the entire area. The pie- 


vious cropping history was as follows ; — 

Kharif 

Rabi 


(Monaoon ) 

(Winter) 

1936-36 . . . . 

Fallow 

Wheat I. P. 114 

1936-37 . ... 

A J t* A ^ i t mm ^ 1 J t -m a r~. 

Fallow 

Wheat!. P. 114 


A net area of 400 ft. x 126 ft. (1 • 1478 acres) was harvested by dividing it 
into 80x26 (or two thousand 6 ft. x6 ft.) units after eliminating a minimum 
border of 3-6 ft. all round the net area. All the plots were harvested and 
threshed individually. The outturn of every plot was recorded in ounces 
after thoroughly drying the grains in the sun. The yields are given in the 
Appendix. 

Distribution op plot yirld.s 

Tlefore taking the distribution of yields for the whole area, the homo- 
geneity of the field was examined by dividing it into four parts or sets as 
indicated below ; 

Poll ion included in set 1— 1 to 26 rows and 1-20 columns 

Portion included in sid. 2 — 1 to 26 row s and 21-40 columns ‘ 

Portion included in set 3 — 1 to 26 rows and 41-00 (xdiimns 

Poi tion included in set 4 1 to 26 rows and (il-SO columns 

The mean yield and its variance for the ultimate plot size 6 ft. x 6 ft. 
are given in Table I for the four sets. 

Table I 

Mean and ■variance for the (liffermt seU 


Mean 

Sets (ounccB) Variance 

1 . I7-J!tS 8-808 

2 . ir>-4!)8 7-87f) 

.3 . lO-Otiti 8-675 

4 . 17-818 9-570 


7’able I shows that the whole field cannot be considered as a homogene- 
ous unit. However, there is justifit-ation to take sets 2 and 3 togetlier, and 
i and 4 together. 

The distribution of yields for a few plot sizes of sets 1,2,3 and 4 separate- 
ly and together have been investigated by finding B,, Sa, and P (x^) for 
normal distribution. Sets 1, 2, 3 and 4 have been taken together to see the 
changes in the values of and for varying plot sizes when the data are 
not homogeneous. Sets 2 and 3 are taken together to note the variations in 
Pi and for different jdot sisses when the data are homogeneous. 
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Taele II 

Idstribviion constants of yields for a few plot sizes 


K - 

Deacription of j4ot size 

Pi 

P. 

X* 

P(x*) 


j" 5 ft. X 5 ft. 

0*186i0'075 

2-805±0*202 

44*4 

0*01 

Set 1 . 

10 ft. X 5 ft. 

0* 169^0- 084 

2-461±0185 

19* 1 

1 <C0'05 aud >0*01 


1 10 ft. X 10 ft. 

0* 061 di 0*060 

r980±0* 149 

13*9 

>0-60 and <0-70 


" 5 ft. X 6 ft. 

i 

0- 144±0 080 

3 074±0-295 

23-6 

>0-01 and <0-05 

Set 2 . . ^ 

10 ft. X 6 ft. 

0*023±0*020 

2f>80±0- 183 

13 0 

>0-20 and <0-3o 


^ 10 ft. X 10 ft. 

0197±0-1.37 

2-644J-0-801 

22'6 

>0-06 and <()• 10 


r 6 ft. X 6 ft. 

0-300±0- 163 

8-612±0'658 

22’ 1 

>0-0.') and <0-10 



CO 

o 

10 ft, X 5 ft. 

O-102±O1O5 

2-869±0-313 

17*7 

<0-06 and >0-01 


.loft.xioft. 

0-099 ±0-098 

2-636±0-272 

28*4 

1 

<0 05 and >0 01 


6 ft. X 5 ft. 

0 057±0-066 

3-486±0519 

31*0 

.-001 

Set 4 . . ■{ 

1 

10 ft. X 5 ft. 

0-004-i:0-006 

3-339±0-572 

9*3 

>0 5 and <0-7 

i 

JO ft. X 10 ft. 

o-ooo±o*ooo 

2-496±0-226 

11*1 

>0-7 and <0-8 

1 

i 

6 ft. X 6 ft. i 

0-228±0-087 

3-361±0-316 

45*8 

<0-01 

Seta 2 & 3 .-s 

1 

lOft.xoft. 1 

0-088±0-061 

1 

2-806 ±0-l94 

25*6 

>0-01 and <0 02 

1 

.10 ft. xlOft.i 

1 

1 

0-166± 0 087 

2-669±0-211 

35*6 

<001 

s 

i 

6 ft. X 6 ft. 

0157±0'046 

3163±0170 

89*9 

<0- 01 

8e^ 1. 2, 3 i 

& 4 

10 ft. X 6 ft. 

0 046±0016 

2-763db0124 

28*2 

>0'0l a«d <0‘02 

10 ft. X 10 ft. 

1 

0 031±0018 

2-3O7i:O-O06 

42*9 

<001 
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The distribution of yields for the three plot sizes 5 ft. x 6 ft., 10 ft. x 5 ft. 
and 10 ft. X 10 ft. of the sets 2, 3 and 4 can be considered to be normal for 
all practical purposes. The values of and Pa are not, on the whole, 
significantly different from 0 and 3 respectively. P (x^) also, more or less, 
confirms this conclusion. It may be noted that there is a tendency for the 
value of fi 2 to diminish as the size of the plot increases. Set 1 cannot be 
considered to be normally distributed. Taking sets 2 and 3 together the 
distribution of yields for the smallest plot size is not normal. Values of pj 
and Ps foi* the otlier sizes are not signifuiantly different from those for the 
normal distribution, but the values of P (x“) show tl)at the departure from 
the normal curve, if not Bignificant, is on the verge of significance. It is 
seen that the distribution for the whole area is not normal for any of the plot 
sizes under consideration, Here also it is interesting to note that and 
P 2 diminish as the size of the plot increases. Briefly summarized the above 
investigations lead to the following conclusions : 

(i) The distribution of yields from smaller areas is more likely to be 
normal than from larger areas ; 

(n) There is a tendency for the value of Pi to apj)roach zero as the 
size of the plot increases ; 

{Hi) The value of P 2 though not significantly different from 3 in 
many cases, decreases as the plot size increases ; 

(iv) The distribution of yields approaclies normality as the plot size is 
increased. 

Optimum size and shape of plots 

We have already seen that the difference between the means for the 
ultimate jdot sizes of sets 2 and 3 and also those of sets 1 and 4 are not signi- 
ficantly different from each other. Ihis finding taken along with the values 
of Pi and P 2 these sehs show^s that the frequency distribution of the 
primary data for sets 2 and 3, and 1 and 4 could more or less be considered as 
belonging to the same universe. This was also confirmed by applying Pear- 
son’s [1932] X* method of testing the probability of two samples belonging 
to the same universe. The values of x^ for sets 2 and 3, and 1 and 4 were 
7*4 and 18*5 respectively with 13 degrees of freedom each. Hence investi- 
gations regarding the size and shape of plots w^ere carried out seymrately for 
sets 2 and 3 together, 1 and 4 together and also for sets 1, 2, 3 and 4 together. 

The yields were comy:)uted for a large number of plot sizes, and the co- 
efficient of variation for the different plot sizes, after eliminating for soil 
heterogeneity on the basis of blocks containing five y)lots running along rows 
as well as along columns, are given in Table III. This is also shown graphi- 
cally in Figs. 1 and 2. In dealing wdth sets 1 and 4 together, care was taken 
to see that any block of five plots formed for purj)oses of eliminating soil 
heterogeneity did not extend from set 1 to set 4. The reduction in error by 
increased plot size without any elimination for block effects will be seen from 
the coefficient of variation before elimination given in TaWe III. This will 
be useful in fixing the best size of plot for i)urposes of yield estimation by 
sampling before harvest. 
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Table III 


Coefficient of variation for different plot sizes 


Plot sire 

(rows X co- 
lumns) 

Area 

in 

sq. ft. 

Blocks running along tows 

Blocks running at ong columns 

C. V. 

before elimina- 
tion 

C. V. 

after elimina- 
tion 

Average 

of 

C. \ 

^ after eUmina- 
tloo 

Averag<^ 

of 

sets 

SetN 

1&4 

Sets 

2&3 

Sets 

1, 2, 8 
; & 4 

i 

Sets 

1 A4 

Sets 

2i&3 

Sets 

1, 2.3 
A 4 

66 ts 

1. 2, 8 

A 4 

Sets 

lAi 

Sets 

2AS 

Seta 

ii 

1 XI 

25 

17*2 

18-0 

1 

18*8 

13*6 

14*3 

13*9 

13*9 

18*8 

13*6 

13*7 

13*7 

1x2 

50 

14-7 

16*7 

16*0 

12*0 

12*5 

12*2 

11*8 

11*2 

11*8 

11*3 

11*8 

2x1 


14-4 

16*6 

15*7 

11*0 

11*8 

11*4 


12*6 

11*9 

12*8 


1 X 3 

76 

14*0 

14*4 

15*2 

11*2 

11*3 

11 2 

10*8 

10*5 

10*3 

10*4 

10*2 

:ix 1 


181 

14 -6 

14*7 

9*9 

10*8 

10*3 


10*4 

9*4 

10*0 


4x1 


120 

14*0 

13*8 

9*0 

10*4 

9 7 


11*2 

11*5 

11*4 


1X4 

100 

18 0 

18*1 

14*0 

10*2 

9*1 

9*8 

10*0 

9*6 

9*4 

9*5 

10*8 

2x2 


12-6 

14*1 

14*1 

10*2 

10*8 

10*6 


12*1 

10*5 

11*4 


1 X5 

125 


12*5 



9*0 




8*8 



5x 1 


12*0 

18 *3 

13*5 

10*6 

9*8 

9*3 

9-8 

11 8 

12*6 

11*8 

11*8 

2 V 2 


120 

12*9 

18*5 

9 4 

9*5 

»-o 


11*8 

9*8 

10*0 


2 ' 2 

150 

11-6 

13 3 

18 4 

9*3 

9*8 

i 9*6 

9*3 

12 J 

11*6 

11 9 

10*6 

1 X ♦> 



12*5 



9*6 

! 


B*8 

9*0 

8*9 


« > 1 


112 

13-0 

13*1 

8*4 

9*5 

: 8*9 






1x7 

175 


12*4 



9*9 

i 


8*7 

8*7 

8*7 

8*7 

7x1 


11*2 

11*8 

13*0 

8*4 

8*6 

1 8*5 

8*5 





8x1 


10*6 

12 1 

j 12*3 

7*8 

j 9*4 

1 8*6 






1x8 

200 







8-7 

8*4 

7*8 

8-2 


2 >: 4 


11*3 

11*9 

1 12*5 

8*9 

7*6 

8*4 


11*1 

9*1 

10*2 

9*6 

4x2 


10- 6 

12-8 

12*6 

8*4 

9*7 

9*0 


10*2 

10*6 

10*4 


3x3 


11 0 

12*6 

12*8 

9*0 

8*7 

; 8*9 

8*8 

11*6 

11*2 

11*4 


9x1 

225 

9-3 

10*7 

10*7 

8*4 

9*2 

8*8 






1 X 9 









8*1 , 

8*1 

8*1 

9 7 

10x1 


8-C 

10*6 

10*3 

7*8 

9*0 

8*4 






lx 10 

260 







8*7 

7*8 

7*4 

7*6 


5X2 


10-9 

12*0 

12*5 

8*9 

9*0 

9*0 

1 

10*4 

11*6 

11*0 

9*3 

2xr> 


1 

11*0 



7*7 

i 


9*6 1 

8*8 

9*2 


2X6 


i 

11-2 



8*4 

1 i 


9*6 

8*8 

9*2 


6x2 

300 

101 

11*8 

121 

8*8 

8*5 

! 8*4 





9*3 

3X4 


10-6 

11*3 

120 

8*2 

7*0 

: 7*7 

8*1 

! 7.7 i 

10*0 

8*8 


4x3 


9-6 

12*0 

12*0 

7*9 

8*6 

! 8*2 


9*7 1 

10*4 

10*0 


7x2 

360 

10*1 

10*6 

12*0 

8*3 

1 7*8 1 

[ 8*1 

9*1 





2x7 



11*6 

11*9 


! 1 

10*1 


9*4 1 

9*0 

8*2 

8*2 

3X5 

376 


10*4 



1 

7*1 i 



7*6 

6*7 

7*2 

8*8 

5 X 3 


10-2 

11*2 

12*0 

8*0 

8*4 1 

8*2 

8*2 

10*0 

11*1 

10*6 


2x8 



10*7 


1 

8*0 



9*1 ! 

7*6 

8*9 


8X2 

400 

9-6 

10*9 

11*8 

7*6 1 

8*4 j 

5*9 

6*0 

j 



8*9 

4X4 


9*7 

10*8 

11*3 

7*6 1 

6*7 1 

7*2 


9*4 

9*8 

9*6 


9x2 1 


71 

9*4 

9*8 

7*0 

7*4 ! 

7*2 


; 




2x0 

450 








9*0 

7*8 

8*5 


«X6 




11*6 



8*2 ! 

7*7 



7*8 

8*1 

5x3 


9*8 

11*1 

11*7 

7*6 

7*8 

7*7 


I 




2X10 




11*6 



9*7 


j 


7*9 


10x2 

500 



9*0 



6*9 

8*1 





4x5 




10*8 



8*5 




8*6 

8*8 

6x4 




11*2 



7*2 




10*0 


8x7 

525 



11*8 



9*6 

9*6 



10*8 


7x8 











7*5 

8*9 

2X11 

550 



10*7 



8*5 

7*8 



9*1 

9*1 

11x2 




9*0 



7*1 
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Table III — conUl 

I Blocks runaiog aloog rows Blocks ni 


Blocks running along columns 


C. V. before ellmlna- C. V. after ellinlna- 

Wot sUe I 

(rows X CO* in — 

lunms) aQ. ft. j 

Set# Seta Sets Sets Hets Sets 

1 * 4 2 * 3 1 , 2 , 3 1 * 4 2 * 3 1 , 2,3 


C. V. after eliinlna- i 
Average tlon i 

of I Average 

sets ^7'' I 

1, 2, 3 i I sets 

& 4 Sets i Sets Sets I 2, 

1 & 4 ! 2 & 3 1, 2, 3 1 4 

I &4 ! 


4x6 


i 8 . 7 ! 

1 

6x4 


1 1 

10*9 j 

2x12 

OOO 

i 

10-4 1 

12x2 


i 

10 ■ 1 1 

3x8 


1 

10-8 1 

8x3 


8-8 9-9 

100 

5x6 

025 

! 

100 

2x13 

650 

1 

10-4 

9x3 

675 

i 

8'5 

4x7 

7(K) 

1 

no 

6 X 5 

750 

t 

; 

10-4 

2x 10 

800 


9-9 

3x11 

825 

; 

11 1 

4 X 10 

lOCKl 

i 

i 

8-2 

Ox 7 

1060 

i 

j 

10-4 

3x14 


i 

10-2 

4x13 

1300 

1 

1 

9-8 

18 X 3 

1350 


! 0-8 

9 X 0 

I 

1 


7-7 

4 > 14 

i 14(K) 


i lOl 

8 >; 7 

i 

1 


; 10-3 

0 X 10 

! ]5(K) 


1 10 :; 

12x5 

1 

' 

! 8-4 

0x7 

1 

i 1575 

1 


■ 10-7 

4 X 10 

HHM) 


9 1 

2x32 

] 

1 


0 X 1 1 

1050 

‘ 

i 

10- 1 

Ox 13 

1950 


9 0 

8 X 10 

2000 


9'7 

9x9 

2025 

1 

' 0 0 

Ox 14 

2!(MJ 


9 5 

12 X 7 



; 8-0 


7-2 7-2 

10-6 10 0 


10-9 lO'D 
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Kig. 1. Average coefficient of variation for different plot sizes 

Before discussing Table III we shall make a brief survey of the 
conclusions arrived at by other workers on the question of size of plots for 
experiments with wheat. Mercer and Hall [1911] find that the probable 
error is reduced for all practical purposes to a minimum when the size of each 
plot is 1/50 acre. Hall and Russell [1911] hold that each treatment should 
be repeated five times in plots of 1/50 acre in size. Montgomery [1913] con- 
cludes that 5 ft. X 16 ft. is an excellent size when plenty of land is available. 
Day [1920] finds that the most effective replicated block is the one that is 
long and narrow and has its greater dimension in the direction of greatest 
variation. According to Christidis [1931] the plots should be as long and 
narrow as possible within the limits of practical considerations. Bose [1935] 
says that the best plot sizes for future experiments appear to be 96 ft. x 4 ft. 




Fig* 2* Average coeffieient of variation tor different^ plot aize^ 
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48 ft. X 12 ft., 32 ft. X 12 ft. and 24 ft. x 12 ft. Long and narrow plots 
running across the fertility trend seem to be preferable to plots which 
approach a square. . 

' , y 

Plot size and C, F.’*' before elimination 

The examinatioii of the C. V. before elimination is important for deter- 
mining the siz^ of sample for estimating yield by sampling. The estimation 
of yield must be made with as little error as possible and this can be done by 
fixing a sampling imft with a low error. This information is obtained from 
the C. V. before elimination for the different areas. 

Whether we consider sets -1 and 4 or sets 2 and 3 or all the sets together, 
the C. V. before elimination for the different plot sizes steadily diminishes 
with the increase in area- np to 225 sq. ft. In the first two cases the C. V. 
of areas exceeding this size can be considered to be more or less the same 
with small fluctuations. On ^taking all tlie sets together there is further 
reduction in error when the ' plot size reaches about 000 sq. ft. and shows 
still more reduction for areas of 1,000 sq. ft. or more. For areas betw^een 
600 sq. ft. and 1,600 sq. ft. the error remains almost the same. As the values 
for larger plot sizes do not shoW any (consistent tiend, much importance can- 
not be attached to the low errors obtained beyond 1 ,600 sq. ft. Thus it appears 
that for estimating yield from small areas, say 5 to 10 acres, the best sampl- 
ing unit, as judged from this experiment, is about 225 sq. ft. and for larger 
areas this may be somewhere near 000 sq. ft. or 1000 S(j. ft. The area 5 to 
10 acres has been fixed on a rough basis on the assumption that the area 
sampled is about 5 per cent aiid that the number of sampling units is between 
6 and 10. 

There is now the question as to the method of collecting this sampling 
unit. This sample can be taken either from one spot at random or a number 
of small samples can be taken from different points selected at random and 
then mixed up to form a composite sample. Commonsense suggests that 
the latter method might be preferable to the former one. However, it is 
hoped to deal with this aspect in a subsequent paper by using the same data. 

Plot size and C, F. after elimination 

Taking the case of the blocks running along rows the C. V. after elimina- 
tion is practically a minimum when the area of the plot is about 400 sq. ft. 
For blocks running along columns also there is considerable reduction in the 
C. V. with increased plot size up to a certain point, i.e. somewhere about 
450 sq. ft. For larger areas, excepting for the largest plot size, the reduc- 
tion or increase in error is not so marked. It is now^ clear that the plot size 
for experiments with wheat can be fixed at about 400 sq. ft. 

Shape of plots 

Table IV gives the percentage efficiency (100 x ratio of variance before 
and after elimination) for different plot sizes. Examining this table we find 
that the elimination for soil heterogeneity is not so effective when the area 
of the plot is greater than 600 sq. ft. This table also shows that, on the 
whole, there is greater variation between rows than between columns. 


♦ C. V. = coefficient of variation 
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Tablbs IV 

Percentage efficiency for different plot sizes 


249 

Plot Hi 560 

Area 



1 

Blocks running along 





Rows 



C'olurimB 


(rows X col- 

ii) 

Sets 

Sets 


Average 




Average 

umns) 

Hq. ft. 

Sets 

for 

Sets 

Sets 


for 

1 & 4 

2 & 3 

1, 2, 

sets 

1 & 4 

2 & 3 

1, 2. 

sets 





3 & 4 

1, 2. 



3 & 4 

1. 2, 






3 & 4 




3 & 4 

1 X 1 

25 

159 

159 

■ 

172 

172 

1 55 

175 

177 

177 

1 X 2 

50 

150 

158 

171 

182 

174 

192 

202 

176 

2x1 


172 

177 

192 


1 26 

159 

150 


1 X 3 

75 

15K 

165 

184 

194 

171 

197 

■ 208 

188 

3 X I 


174 

183 

203 


136 

160 

1 168 

; 

4 X i 


178 

182 

205 


1 1 5 

121 

143 


1 x4 

100 

161 

206 

205 

197 

1S3 

196 

I 216 

167 

2 X 2 


153 

170 

182 


los 

155 

142 


1 ^ T) 

125 


190 


2 ! 1 


208 


131 

5 X 1 

182 

182 

21 1 


1 1 .*? 

113 

1 3 1 


2 X 3 


164 

184 

203 


100 

152 

139 


3 X 2 

150 

154 

182 

1 96 

205 

i0!> 

lo7 

1 111 

169 

1 X () 


1 . . 

168 



178 

192 

; 218 


6x1 


i 177 

188 

I 

216 






1X7 

i 175 

1 

‘ 158 

i 

232 

170 

2(t5 

221 

221 

7x1 

1 

1 

ISO 

185 

j 232 






8x 1 


: 1S4 

165 

205 






1X8 

200 

i 



208 

161 

224 

236 


2x4 


( 160 

245 i 

224 


103 1 

140 

i 137 

172 

4x2 


159 

173 1 

1 

194 

i 

1 

109 

i 

115 

143 


3x3 

i 

149 

1 

: 207 1 

1 208 

1 

i 

97 ; 

102 

141 

180 

9x 1 

1 225 

1 122 

1 135 

147 

178 

1 

' • 1 



1 x9 


1 

! 

i 


. . 


172 1 

212 

231 


10 x 1 


122 

1 140 

153 





168 

1 X 10 

250 

1 


, , 

173 

170 

224 

236 

5x2 


i 148 

177 

192 


1 10 

107 

1 29 


2x5 



205 

■■ 


108 

143 

140 




2S6 
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Table IV — contd 




Blocks running along 

Plot size 

Area 


Rows 



Columns 


(rows X 
Columns) 

in 









sq. ft. 



! 

Average 




Average 

Sets 

Sets 

Sets 

for 

Sets 

Sets 

Sots 

for 



1 & 4 

2 <fc 3 

1, 2, 

Sets 

1 & 4 2 & 3 

1. 2, 

sets 




1 

3 & 4 

1, 2, 



3 & 4 

1, 2, 



1 

1 


3 & 4 




3& 4 

2x6 


.. 

1 176 

1 


' U)4 

134 

136 


0x2 

1 300 

1 149 

1 1 94 

; 2U8 

221 


. . 

, . 

135 

3x4 

1 

161 

; 200 

242 


! 147 

95 

131 


4x3 


147 

19S 

212 

i 

104 

104 

140 


7x2 

350 

150 

i 187 

220 

1 

i .. 


.. 


2x7 

! 


178 

138 

i 179 

100 

i37 

208 

208 

3x6 

375 

j 

i 216 



109 

116 

164 


5x3 


I 162 

i 177 

212 

212 

103 

101 

126 

140 

2x8 

1 


181 

.. 


110 

170 

184 


8x2 

400 

162 

1 168 

363 

304 




160 

4x4 

i 

164 

1 258 

244 


106 

92 

135 


9x2 


i 104 

162 

■ 

185 






2 X 9 






107 

162 

177 

159 

3 X 0 

450 



201 

206 


. . 

141 


0x3 


: 105 

205 

228 



’ • • 



2 X 10 


i • * 


143 




142 


10 X 2 




170 

178 



, , 

128 

4 X 5 

1 500 

i 


158 


. . 

. . 

117 


, 6x4 


1 

! ‘ * 


239 


: . . 


124 

i 


3x7 

525 


i 

139 

1 39 

; 


146 


7x3 




, . . 




232 

189 

2x11 

550 

• • 

, , 

■ 158 1 

158 

• 

« • 

128 

J28 

11x2 




: 158 ! 






4 X 0 



372 



i 87 

85 

127 1 


6x4 




' 265 1 




i 


2x12 

600 

1 

. . 

104 j 


i ' • 


140 

137 

12x2 


, . 


263 i 

208 

1 


, . 


3x8 


. . 


j 129 { 


i 


144 


8x3 


162 

174 

1 221 i 



! 

1 



5 X 5 

625 



147 

147 1 



121 

121 

2x13 

650 

, , ' 

, , 

165 

165 i 

, , 

, . 

194 

194 

9x3 

675 

• . 1 

, . 

150 

160 i 

, , 

, . 

, , 

. . 

4x7 

700 


• • i 

142 

142 1 



138 

138 

6x5 ; 

750 



166 

166 


, . 

, . 

, . 

2x 10 

800 

• . ; 

' * ( 

117 

117 

! . . 1 

f . ^ 

130 

130 

3 X 1 1 

825 

* . 

.. 1 

154 

154 

t . 

i 

* 

133 

133 

4 X 10 

1000 

i 

) 

119 

110 


i 

165 

165 
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Plot size 
(row» X 
columns) 


6x7 

3X14 

4x13 

18x3 

9x6 

4x14 

8x7 

6 X 10 

12x6 

9x7 

4x16 

2x32 

6x11 

6x13 

8x10 

9x9 

6x14 

12x7 

6x 15 
6x16 
9x11 
10 X 10 
8x13 

18x6 

9x12 

8x14 
12x10 
9 x 14 
8x 16 
10x11 
12x13 




Table IV — concld 


Blocks running along 


i 

i 


I 

i 


Area 

in 

sq. ft. 

Bows 

■ 

Columns 

Sets 

1 & 4 

Sets 
2& 3 

1 

1 

Sets 

1, 2. 
3&4 

Average 

for 

sets 

1, 2, 

3 & 4 

Sets 

1 &4 

Sets 

2 & 3 

Sets 

1. 2, 
3& 4 

Average 

for 

sets 

1, 2, 

3 & 4 

1060 



136 









136 

136 



134 

134 

1300 



174 

174 



125 

125 

1360 



130 

130 

, , 

* * 






148 






1400 



140 




131 





147 

144 i . . 



131 

1500 



155 

155 

• • 

, . 





154 





1676 



142 

142 

• • 



1600 



121 

121 1 .. 


127 

123 





1 

i 


118 


1650 



175 1 

1 

175 i .. 

, . 



1950 

! 


175 i 

175 

‘ 

! 



2000 

! * * 


173 

173 

1 



2025 



104 

104 




2100 



145 

131 .. 






^ * * 

116 






2250 



125 

125 





2400 



123 

123 




2476 



192 

192 





2500 

i • * 


90 

90 




2600 

t 


195 

195 




2700 

i 

! 


136 

113 ! . . 







89 

i * • 

•• 



2800 



1.55 

155 j . . 

• • 



3000 


i * • 

164 

104 ! . . 

! 



3150 


1 

164 

164 


i 

• • 


3200 


1 • * 

125 

125 


i 

1 . . 

1 


3300 


i * ' 

181 

181 


i 

i 


3900 


i 

136 

136 

i 

! 

i 

! 
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Taking now the plot size 6 ft. x 10 ft. we note from Table IV that there 
is greater variation between columns (i.e. across rows) than between rows— 
thus indicating that there is greater reduction in variability when the length 
of the plot runs along rows, i.e. in the direction of greater variation. The 
above fact is borne out by a large number of other plot sizes also. Thus, for 
all the sizes 10 ft. x 6 ft., 6 ft. x 15 ft., 16 ft. x 5 ft., 20 ft. x 6 ft., 6 ft. x 20 ft., 
16 ft. X 10 ft., 5 ft. x 30 ft., 5 ft. X 36 ft., 20 ft. X 10 ft., 26 ft. X 10 ft., 20 ft. x 
16 ft. and 26 ft. x 16 ft., the length will be found to run along the direction 
of greater variation. This finding is in accordance with those of Day [1920] 
and of Bose [1935]. Day finds that the variability in oblong plots is smaller 
than in the square ones, provided the length of the plot lies along the direc- 
tion of greater change of soil fertility. Bose also finds that plots taken at 
right angles to the direction of the fertility gradient would probably give a 
smaller variability than those lying along this direction. 

Table V shows the relation between L/B and the C. V. after elimination. 
It will be seen that this table does not lead us to any definite conclusion re- 
garding the relationship between L/B and the C. V. for different plot sizes. 
The evidencie available is not sufficient to enable us to assume any relation- 
ship between the C. V. after elimination and L/B. We have already found 
that, if and when L/B is greater than 1 , the length of the plot must run along 
the direction of greater variation. 


Table V 


"C. V. after elimination for different values of LjB and areas 


1 

L/B 

i 

i 

. - - ...J 

DinieiisioiiH 

of 

plot 

C. V. aft(T 
elimina- 
tion 

1 

1-00 

5 ft. X 5 ft. 

13-9 


10 ft. X 10 ft. 

10-5 

1 

15 ft. X 16 ft. 

8-9 

1 

20 ft. X 20 ft. 

^ 7-2 


25 ft. X 25 ft. 

8-7 

i 

45 ft. X 45 ft. 

0-5 

1 

1 

50 ft. X 60 ft. 

7*6 

1 • 08 i 

1 

60 ft. X 66 ft. 

5*8 

1 

1-09 ! 

60 ft. X 65 ft. 

61 

114 

40 ft. X 36 ft. 

1 

8*5 

M7 

30 ft. X 36 ft. 

8*0 

1*20 

30 ft. X 25 ft. 

8*1 


60 ft. X 60 ft. 

6*3 

1-22 

46 ft. X 66 ft. 

7*9 


L/B 

Dimensions 

of 

plot 

C. V. after 
elimina- 
tion 

1 * 26 

20 ft. X 25 ft. 

8*5 


26 ft. X 20 ft. 

7*2 


40 ft. X 60 ft. 

7*4 

129 

45 ft. X 35 ft. 

9*0 

1*33 

1 5 ft. X 20 ft. 

7*7 


20 ft. X 15 ft. 

8*2 


46 ft. X 60 ft. 

6*7 

1*60 

10 ft. X 16 ft. 

9*5 


16 ft. X 10 ft. 

9*6 


30 ft. X 20 ft. 

6*7 


46 ft. X 30 ft. 

6*3 

1-66 

46 ft. X 70 ft. 

7*7 

1*626 

40 ft. X 66 ft. 

6*4 

1*67 1 

26 ft. X 16 ft. 

8*2 


30 ft. X 60 ft. 

8*3 
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Table Y—contd. 


L/B 

of 

plot 

C. V. aftor 
elimina- 
tion 

L/H 

Dimensions 

of 

plot 

C. V. after 
elimina- 
tion 

1-71 

60 l i 

. ■ 35 ft. 

8‘0 

3*50 

36 ft. X 10 ft. 

8*1 

1-75 

20 ft 

. X 35 ft. 

9-2 


10 ft. X 35 ft. 

20 ft. >: 70 ft. 

10* 1 

8*5 


40 ft 

X 70 ft. 

7*6 


1-83 

30 ft 



3*67 

15 ft. < 55 ft. 

90 

X 55 ft. 

7-7 



2 00 

f) ft 

V 10 ft. 


4 00 

20 ft. > 5 ft. 

9*7 

12-2 


5 ft. X 20 ft. 

9*8 


i(» ft 

< 5 ft. 

11-4 1 


40 ft. X 10 ft. 

5*9 


10 ft 

• 20 ft. 

8-4 1 


20 ft. X 80 ft. 

8-3 


20 it 

>10 ft. 

9-0 




16 ft 

- 30 ft. 

8-2 1 

4*50 

45 ft. X 10 ft. 

7*2 


30 ft 

>15 ft. 

7-7 i 




40 ft. 

80 ft. 

7-6 1 

4-67 

15 ft. X 70 ft. 

8*7 

2* 17 

30 It. 

- 05 ft. 

7-3 1 


25 ft. X r, ft 

9*3 

2-33 



1 

1 

10 ft. X 50 ft. 

9*6 

ir> ft. 

V 35 ft. 

90 i 

1 

50 ft. V 10 ft. 

6*9 


30 ft. 

X 70 ft. 

7*9 

1 

2*40 

(iO ft. 



5-50 

10 ft. X 55 ft. 

8*5 

X 25 ft. 

6-7 

1 

65 ft. X 10 ft. 

7* 1 

2*50 

25 ft. 

XlOft. 

90 

6 00 ! 

30 ft. X 5 ft. 

8*9 


20 ft. 

> 50 ft. 

7-6 

i 

10 ft. X 60 ft. 

8*1 


30 ft. 

x76 ft. 

8*2 

i 

60 ft. X 10 ft. 

7*1 





i 

90 ft. X 16 ft. 

5*9 

2*67 

If) ft. 

X40ft. 

9-6 





40 ft. 

X 16 ft. 

7-2 

6*50 

10 ft. X 65 ft. 

8*1 


30 ft. 

X 80 ft . 

8‘ 1 








7*00 i 

35 ft. X 6 ft. 

8*5 

3*00 

6 ft. 

xisft. 

11-2 





15 ft. 

X 6 ft. 

10' 3 

8*00 1 

40 ft. X 5 ft. 

8*6 


30 ft. 

X 10 ft. 

8*4 

i 

10 ft. X 80 ft. 

9*2 


46 ft. 

X 16 ft. 

70 





90 ft. 

V 30 ft. 

5*0 

9*00 

45 ft. X 5 ft. 1 

8*8 

O . Off 1 

20 ft. ■ 

X 66 ft. 

7*4 

10*00 

i 

60 ft. X 6 ft. j 

8*4 


Relative efficiency of oifferent lay-outs 

Randomized blocks versus iMtin square 

Doubts have been expressed as to whether Latin squares will really 
give a smaller residual error than randomized blocks. Neyman et al. [ 1935 ] 
find that ‘ when the size of the Latin square is increased, cases when ran- 
domized blocks are more efficient are surprisingly frequent ‘In some 
cases when it is not so they say ‘ this is due to wrong arrangement of the 
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randomized blocks’. Yates [1935], on the other hand, after analysing the 
experiments laid down at Eothamsted, finds that the efficiency of the Latin 
squai’e is definitely more than that of randomized blocks. Sayer, Vaidya- 
nathan and Iyer [1936] working with sugarcane found that Latin square is 
more efficient than randomized blocks, except when the latter is provided 
with sufficient number of replications. In the case of cotton, Hutchinson and 
Panse [1935] found that ‘ if there is sufficient knowledge to design the blocks 
in the most advantageous manner, randomized block can give as efficient 
a lay-out as Latin square. ' 

Table VI gives the percentage efficiencies (100 X variance before elimina- 
tion/varianee after elimination) for Ijatin square and randomized block lay- 
outs with five treatments formed from the uniformity trial data for a number 
of plot sizes. The percentage efficiency for blocks running along columns 
and rows has been taken from Table IV. For I^atin squares this has been 
calculated by taking the ratio of the variance before elimination to the pooled 
residual variance of the different squares that can be formed for the parti- 
cular plot size, after eliminating for the effects of rows and columns for each 
square. 


Table VI 


Percentage efficiency of Latin square and randomized block arrangements 


! 

Rows X columns 

Area 

Percentage efficiency 

I 

1 Latin 

square 

j Blocks 

; along rows 

1 

Blocks 

along columns 

1x1 

6ft.X 5 ft. 

1 

260 

i 172 

1 

177 

1 x2 

5 ft. X 10 ft. 

j 298 

171 

202 

2X1 

10 ft. X 5 ft. 

275 

192 

150 

1x3 

Sft.X 15 ft. 

317 

184 

1 208 

3x1 

16 ft. X 5 ft. 

336 

203 

168 

4X1 

i 

20 ft. X 6 ft. 

364 

205 

143 

1 

1x4 1 

5 ft. X 20 ft. 

1 

359 

205 

216 

2x2 

10 ft. X 10 ft. 

251 

182 

142 

5x1 

25ft.x 5 ft. 

250 1 

211 

131 

4x2 

20 ft. X 10 ft. 

349 

194 

143 

3x3 

15 ft. X 15 ft. 

297 

208 

141 
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Table VI shows tliat Latin square is more efficient than randomized 
blocks. It is of course realized that the usual limitations of the sjnall number 
of possible arrangements for the optimum })lot sizes makes it necessary to 
be satisfied by comparing the relative efficiencies of f he designs with the 
above plot sizes. 

From the above discussions it follows, as has been mentioned by Fisher 
and Eden [192D], that if it were ])ossible to know beforehand that* the soil 
heterogeneity is only in one direction, randomized blocks would be more effici- 
ent than Latin scjuare. But it is very rarely that we know anything about 
the variation that is likely to occur in tlie held. Even in cases where uniformity 
trial lias been conducted, it is difficult to predict the direction of the fertility 
trend. I'urther, in majority of cases Latin s(juare has been found to be more 
efficient than randomized blocks and lieiicc Latin square is likely to prove to 
be more efficient than randomized blocks. 

Number of treatments per block 

Tn randomized block experiments, the elimination for soil heterogeneity 
ceases to be effective when the size of the block becomes very large. The 
question as to the number of plots that can be included in any block of such 
an experiment in order to have effective elimination for soil heterogeneity is 
considered for a number of plot sizes in Table VII. Blocks consisting of 4, 
5, 6, 7, 8, 10, 11, 13, 15, 16 and 20 plots have been taken along rows and the 
])ercentage efficiency for different plot sizes lias been given in Table VII. 

Table VII 

Percentage relative efficiency for different block sizes — blocks running along rows 

; N^iiiilK^r of lrr.iitTJU‘nts per block 

Rows X .... ....... ...._ 


cohimiis 

Area 

4 

i 

5 

0 

7 

8, 

10 

11 

13 

15 

: 10 

20 

X 4 

15 ft. X 20 ft. 

225 

242 i 

151 

200 

185 

12!) 

181 

151 

1.57 

159 

116 

4 X 4 

20 ft. X 20 ft. 

200 

244 

150 

204 

185 

131 

183 

147 

153 

150 

118 

5 X 4 

25 ft. X 20 ft. 

210 

239 I 

143 

200 

178 

122 

157 

no 

148 

1 50 

109 

X 4 

30 ft. X 20 ft. 

257 

205 

158 

241 

2(^3 

127 

J !H) 

108 

177 

178 

117 

X 5 

25 ft. X 25 ft. 

270 

147 i 

200 

131 

12'’* 

14!) 

143 

149 

114 

no 


7x4 

1 35 ft. X 20 ft. 

' 238 1 

285 ' 

104 

335 

^ j 

24!) 

130 

221 

184 

195 

197 

122 

ft X 5 

; 30 ft. X 25 ft. 

1 308 1 

160 j 

242 

j 141 ’ 

128 

175 

172 

179 

120 

119 


7x5 

1 

1 35 ft. X 25 ft. 

1 330 

1 190 : 

338 

: 151 

i 

131 

1 190 

j 185 ' 

194 

130 

[ I 

123 


? X 5 

1 

j 40 ft. X 25 ft. 

i 355 1 

t i 

! 170 I 

250 

■ 147 

137 

109 

' 100 

172 

i 

131 I 

124 


X 7 

1 30 ft. X 35 ft. 

245 

1 

130 ! 

191 

i 179 

174 

141 1 

120 


' ! 



v» X G 

: 45 ft. X 30 ft. 

; 121 

j 148 ! 

101 

i 

i 111 

98 

95 i 

1 : 

I 90 , 

97 

i 



12x6 

i 

j 60 ft. X 26 ft. 

i 

; 472 

1 

1 154 ’ 

i j 

1 l_ 

249 

j 122 

1 

113 

i 100 

\ 

!_ 

j 174 

173 

120 

115 
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Table VII shows that the number of treatments that can be arranged in 
a block may not exceed 13, the criterion being that the percentage effi- 
ciency, barring a few exceptions, continues to be fairly high when the number 
of treatments ranges from 4 to 13. 

Balanced incomplete and complete randomized bhche 

The method of balanced incomplete randomized blocks designed by 
Yates [1936] can be used for experiments involving a large number of treat- 
ments or varieties. Coulden [1937] comparing the efficiency of this type of 
lay-out with ordinary randomized blocks concludes that, in general, incomplete 
block method will give increased efficiency, which is partially correlated rvith 
soil heterogeneity. He further says that if the field is very uniform, there 
may l>e loss of efficieny. But this is rather unlikely to occur on the average 
field. 

The ]}ert«ntage efficiencies of the incofnplete block method compared to 
the ordinary randomized blocks have been calculated on the basis of certain 

ai'eas .selected from the uniformity trial by using the formula -^ - 4 ---— — - r ~' — 

Ar(/— l)ai* 

for five cases, and are given in Table VIII. In the above formula t, k, s and 
s i ^ stand for the rmmlier of treatments, the number of plots blocks, and 
the residual variances for the comf)lete and incomeplete randomized designs 
mspectively. 


Table VIII 


Percentage efficiencies of balanced incomplete randomized blocks 


Rows 

X 

columns 

; A rua selected for 
exainination 

A run 

; 

i Rows Columns 

1 

No. of 
treat* 
ineiits 

No, of 
replica* 
tlons 

1 

! 

No. of 
treat- 
ments 
ill each 
block 

No. of 
times a 
pair of 
treat- 
ments 
oecurB In 
the whole 
experi- 
ment 

No. of 
bloc^ks 
taken 

Bfficienry 

1x1 

6 ft. X 5 ft. 

8-18 ; 21—25 

11 

5 

5 

2 


114 

3x3 

I.'"* ft. y IT) ft. 

! 

7—21 21—53 

11 

5 

5 

I 

2 

i ' 

1 

83 

5x3 

25 ft. V 15 ft. 

6-2.5 21—61) 

13 

t 

1 4 

1 ^ 

1 

i 13 

67 

6x4 

30 ft. 2(jrft. 

1- 24 5—66 

13 

4 

4 

1 

1 1 

13 

1 

i 

1 186 

1, 

4X2 

20 ft X 10 ft. i 

1 

1 

1—24 1 25- 56 

t 

16 

6 

i 

1 ^ 

2 

i 

[ 

L . ^ 

119 
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The i^ercentage efficiencies for the different values of >. t and k dealt 
with in Table VIII have also been calculated on the basis of the results pre- 
sented in Table VII by assuming to be equal to the ratio of the effi- 

ciencies of blocks having h and t treatments and taking the product of this 

. , 100< (i— 1) rr,. , - V 

ratio with The results obtained for the three different cases 

dealt with in Table VIII are given in Table IX. 

Tables VIII and IX show that the percentage efficiency is compara- 
tively greater for the case of Ifi treatments than that for 13 or 
11. Thus it appears that when the number of treatments to be experi- 
mented with is greater than 13, the l)alanced incomplete randomized 
block is preferable to the ordinary randomized block. 

Table IX 


Percentage efficiency of incomplete randomized blocks 


.Rows X ooluinns 

X-2, t = k=-6 

X-2, 1 = 11, A: = 5 

X”l,< = 13,*»4 

3x4 . 

86 

118 

121 

4x4 . 

89 

117 

114 

5x4 .... 

85 

134 

123 

0X4 . 

79 

123 

99 

5x5 .... 

109 

1 

90 

118 

7x4 

74 

113 

84 

6x5. 

181 

85 

112 

7x5 . 

214 

90 

111 

00 

X 

179 

93 

134 

6x7 . 


100 

81 

9x6 . 


136 


12x6 .... 

192 

78 

177 


Summary and oonclusions 

A wheat uniformity trial consisting of two thousand plots each of size 
5 ft. X 6 ft. has been examined to obtain information on tho distribution of 
yields for different plot sizes from different areas, the size and shape of plots, 
and the comparative efficiencies of 6 x 6 Latin squares and randomized blocks 
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with five treatments in each block and also the relative efficiencies of rando- 
mized blocks having four, five, six, seven, etc. treatments per block. The 
efficiency of the balanced incomplete randomized blocks has also been com- 
pared with the usual randomized blocks for three cases involving 11, 13 and 
16 treatments. 

The following are the conclusions from the present investigation : — 

(i) The distribution of yields from smaller areas is more likely to be 
normal than from larger areas. The value of p, approaches zero as the 
size of the plot increases, significantly different from 3 but 

generally decreases as the plot size increases. The distribution of yields 
approaches normality ^is the plot*size is increased. 

(n) For the purpose of estimating yield by sampling from fairly small 
areas extending from five to ten acres, the best size of the sampling unit 
appears to be 225 sq. ft. For larger areas, this may be increased from 600 
sq. ft. to 1,600 sq. ft. The best size of plot for experiments with wheat is 
about 400 sq. ft. As regards the shape of plots, no relation seems to exist 
between L/B and the error for different plot sizes. When L/B is greater than 
1 , the length of the plot must run along the direction of greater variation. 

(Hi) In general, Latin square appears to be more efficient than ran- 
domized blocks. 

(iv) The maximum number of treatments that can bo arranged in a 
single block of a randomized block arrangement in order to have effective 
elimination for soil heterogeneity can be taken to l>e about 13. There 
appears to be no need to have balanced incomplete block design when the 
number of treatments to be experimented with is 13 or less. 
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11. BALANCED VERSUS RANDOMIZED ARRANGEMENTS 


BY 

P. V. KRISHNA IYER 

Imperial Agricultural Research Institute, Neu) Delhi 

(Kocoiv('(l for ])u!)lica,tion on 5 Novombor 1940) 

I N a paper entitled ‘ Oo-operation in largo scale experiments’ Cosset [1936] 
expressed the opinion that ‘the advantages of artificial randomization are 
usually offset by an increased error when eonr|)ared to balanced arrangements.’ 
Fisher, who does not agree with this view, carried out some investigations 
with a uniformity trial data in collaboration with Baibaclvi [193(>] and found 
that random arrangements would give smaller errors than systematic ones. 
Cosset [1937] examined this point in detail from the practical and the theore- 
tical points of view and has come to thci conclusion that balanced arrangements 
are likely to be more accurate than random designs. In sup|)ort of his con- 
clusion he has quoted Hudson who, as a result of some investigations on the 
uniformity trial data of Mercer and Hall [1911], Kalamkar [1 1)32] and Immer 
[1932], found the balanced arrangements to be more accurate than the random 
arrangements. Pearson [1938] applying the power tests evolved by Neyman 
and himself [1936] to some of the results obtained by Hudson lias showm that 
Gosset’s view is likely to be more accurate than that of Fislier. Yates [1938] 
has pointed out that Hudson’s results are of little interest for the following 
reaKSons : — 

(i) Only three uniformity trials had been used ; 

(ii) The jilots in most of the arrangements were only one or tw'o rows 
w idc ; 

{Hi) The arrangements used by Hudson were randomized blocks for 
random arrangements and Latin squares for balanced arrange- 
ments. Such a comparison w as not fair in view of the fact that 
Latin squares are more accurate than randomized blocks. 

After some further careful analysis he came to the conclusion that ‘ in 
cases where Lat in square designs can be used and in many cases w here rando- 
mized blocks have to be employed, the gain in accuracy with the systematic 
an'angements is not likely to be sufficiently great as to outw eigh the disadvant- 
ages to w hich the systematic designs are subject.’ 

In order to have a correct idea of the relative merits of the two designs, 
it is necessary to examine the results that would be obtained from other uni- 
formity trials after taking into consideration some of the many alternative 
arrangements that can be had for both the designs. In this paper tlie wkeat 
uniformity trial data discussed in part I, have been used to examine the re- 
lative accuracy of random and systematic designs from a more comprehensive 
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point of view for experiments involving four, five, six and seven treatments 
with six, six, eight and six replications respectively. 

Material 

The material used in this investigation consists of certain portion of the 
wheat uniformity trial detailed in Tables I-IV. 

Table I 

Four treatments with 6 replications each plot — 3 rows X 3 columns 

(Yields in ounces) 


^ Column No. 

Row No. 

64—66 

67—69 

1 

o 

73—76 

19—21 

168-6 

171-0 

184-5 

169-6 

16—18 

1890 

189-0 

163-0 

167*0 

13—16 

184-0 

147-6 

118-5 

156-0 

10—12 

195-0 

161-5 

146-6 

1 152-0 

7—9 

163-6 

1 160-5 

155*5 

169-0 

4—6 

163-6 

162-0 

124-5 

147-6 


Table II 

Five treatments with 6 replications each plot — 3 rows x 3 columns 

(Yields in ounces) 


Row No- 

Column No. 

( 

to 

48- - 50 

i 

61—63 

i 

54—56 

57—69 

19—21 . 



137-6 

132- C 

125-6 

130-0 

126-0 

16—18 


. 

147-6 

125*0 

132*6 

142-0 

152-6 

13—16 . 


. 

143-0 

122-6 

121-6 

149-6 

163*0 

10—12 . 



168-6 

147-5 

160-0 

168-6 

1 

160-0 

7— B 



168-0 

142-6 

1.31*0 

1 

173-0 

151-0 

4—6 

• 

• 

186-0 

174-5 

1 

158-5 1 

170-0 

156-0 



STUDIES WITS WHEAT UNIEOSMTI'Y TRIAL DATA, S 


266 


Table III 


Six treatments with 8 replications each plot — 3 rows x 3 columns 

{yields in ounces) 


Column No. 

Row No. ^ 

1—3 

4-6 

7-9 

10 — 12 

13—15 

16—18 

22—24 .... 

* 

133-5 

138-5 

148-5 

148-0 

141-0 

144-0 

19—21 .... 

1460 

146-0 

144-0 

136-5 

141-6 

130-6 

16—18 .... 

168-0 

176-5 

187-0 

157-5 

150-0 

173-0 

13—15 .... 

167-5 

176-6 

193-0 

1 175-0 

1 

171*5 

180-5 

10—12 .... 

168-0' 

186-0 

184-0 

163-0 

180-5 

181-0 

7—9 .... 

141-5 

177-5 

183-0 

182-6 

175-0 

169-0 

4—6 .... 

130-5 

142-5 

163-5 

141-5 

142-5 

138-0 

l'”3 . . . . ! 

160-5 

153-5 

1 

156-0 

142-5 

164-5 

143-6 


Table IV 


^ Seven Ireatments xviih 6 replications each plot — S rows x 4 columns 


(Yields in ounces) 


Column No. 

Row No. 

■ 

21—24 

25 -28 

29-32 

33—36 

37—40 

41—44 

46—48 

20—22 . 

168-0 

173-0 

166-0 

161-5 

180-0 

164-0 

172-6 

17—19 . 

198-0 

203 • 5 

189-0 

177-5 

189-5 

188-0 

188-5 

14-16 . 

211-5 

200-5 

189-6 

187-5 

193- 0 

187-6 

176-0 

11—13 . 

232-0 

197-5 

213-6 

211-0 

224-0 

207-5 

209-0 

8—10 . 

1 195-5 

190-5 

183-0 

191-0 

208-6 

207-6 ' 

214-6 

6—7 . 

1 212-0 

221-5 

212-6 

196-0 

189-6 

205-5 

217-0 


Methods 

Four treatments and six replications 

(t) Random arrangements, — Three hundred random arrangements were 
formed by superposing four hypothetical treatments, A, B, C and D on a ran- 
dom basis on the data presented in Table I by considering the blocks to he 
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along rows. It can be easily seen that the sum of squares for treatments plus 
residual error is a constant. The error for the treatments is different for 
different arrangements and has been calculated from the hypothetical treat- 
ment totals computed in the manner described below : — 

Twenty -four identical blank cards were divided into six groups, each 
group having four cards. The figures in the six rows of Table I were entered 
in the six groups of cards. Each group of cards was then thoroughly shuffled 
and the dummy treatments A, B, C and 1) were superposed on the Ist, 2nd, 
3rd and 4th cards respectively, for all the six groups of cards. The treatment 
totals were now got by adding up all the A’s, B’s, C’s and D’s. The sum of 
squares for the treatments and the residual error corresponding to the first 
random arrangement were calculated on the l)asis of these totals. The above 
process was repeated 300 times and flie treatment and the residual errors were 
thus obtained for 300 random samples. 

(ii) Balanced arrangements . — As in the case of randomized arrangements, 
there are different ways of balancing any experiment, the only difference being 
that the number of arrangements that can be formed on a random fashion is 
much more than that on balanced basis. The treatment and the residual 
errors have been calculated for the arrangements given below for the case of 


four treatments : — 

A B 

c 

D 

A 

B 

(1) 

G 

D 

A 

B 

(2) 

C 

D 

D 

C 

B 

A 

B 

C 

D 

A 

D 

A 

B 

C 

A 

B 

C 

D 

C 

D 

A 

B 

C 

D 

A 

B 

D 

C 

B 

A 

D 

A 

B 

0 

B 

C 

D 

A 

A 

B 

C 

D 

A 

B 

0 

D 

A 

B 

C 

D 

D 

C 

B 

A 

B 

C 

D 

A 

D 

A 

B 

C 


Chart 1. (Balancing iias been effoctf'd Chart 2. (Formed on Mjo basis of the 
between two rows, and tlic samo two dingonal squares) 

arrange mont of the trc'at menls 
has been repeated in the 
third and fifth rows) 

A D C B 

B C D A 

C B A D 

D A B C 

A D C B 

B C D A 


Chart 3. (Formed on the basis of Latin squares by effecting balance between two rows 

and two columns) 


The sum of squares for treatments for any of the designs shown in charts 
1, i and 3 is independent of their arrangements in the first row so long as the 
scheme of balancing is as explained in the corresponding designs. If T^, Tg, T, 
and T4 are the treatment totals for A, B, C and D respectively for a particular 
arrangement of the treatments in the first row (for any of the designs shown 
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in charts 1, 2 and 3), their totals for any other permutation of the first row 
will also be the same, the only difference being that T, , instead of being the 
total for treatment A, will now be the total for some other treatment, will 
be the total for either B or some other treatment, and so on. Thus, whatever 
be the permutation of the treatments in the first row, their totals remain the 
same but get themselves allotted in diflerent ways. Hence the sum of squares 
for the dummy treatments is fixed so long as the scheme of balancing is fixed. 

In addition to the designs described above, 2.5 more arrangements were 
formed by balancing two rows and by having different treatment arrangements 
in the first, third and fifth rows as indicated in chart 4. 


A 

B 

C 

D 1 

^ («) 

D 

C 

B 

A J 

D 

B 

A 

c i 

[ {b) 

C 

A 

B 


B 

C 

D 

A ^ 

}* (c) 

A 

I) 

C 

B 


Chart 4. (Balancing betwcf'n two rows with tlic treatment arrangements in 

a, h and c at random) 

The mean and the variam^e of the treatment errors (i.c. variance for 
treatments) of the 25 balanced arrangements have been compared with those 
of the 300 random ones. 

Tlie calculation of the treatment sum of squares for each of the balanced 
designs of the type shown in chart 4 was done as follow s : — 

The treatment totals for the design shown in cliart 4 are the sum of their 
respective totals for sections (a), (b) and (c). Let the treatment totals for 
section (a) be t^a, t 2 a, t^a and t^a for A, B, C and I) respectively. For any 
other arrangement of the treatments in this section the totals will still be 
tj^a, t^a, tya and t^a but get allotted to different treatments in accordance with 
the permutation of the treatments in that section. A similar property holds 
good for sections (6) and (r) also. In view^ of this property, the treatment 
totals corresponding to any arrangement of the type show n in cliart 4 can be 
calculated by taking the sectional totals t^a, toa, t^a, t 4 a ; tpb, tgb, tgb, t 4 b ; 

tgC, tyC, t.jC and allotting them at random to A, B, C and 1> in each section 
and then adding up the A^s, B’s, C’s and D's. Tins was done by writing down 
the three sets of totals in tliree groiijis of identical cards, each group having 
four cards. Each of the three groups w^as thoroughly sluiflfied and the treat- 
ments A, B, C and I) w’^ere allotted to the first, second, third and fourth cards. 
The totals of the ireatments were now^ computed and the treatment variance 
was calculated on the basis of these totals, Su(‘h a procedure w as repeated 
25 times and the variances for treatments corresponding to 25 balanced 
arrangements of the type shown in chart 4 wx^re calculated. 

Five treatments and six replications 

({) Randomized arrangements, — The treatment and the residual errors for 
400 random arrangements wxre calculated on the same lines as described for 
four treatments. 
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(u) Balanced arrangements. — The following systematic or balanced arran- 
gements have been compared with the 400 random arrangements mention- 
ed above. 

ABODE 
E D 0 B A 

ABODE 
E D 0 B A 

ABODE 
E D 0 B A 

Chart 6. (Formed on the same lines as indicated in chart 1) 


( 1 ) ( 2 ) 


A 

B 

0 

D 

E 

A 

B 

0 

D 

E 

B 

0 

D 

E 

A 

E 

A 

B 

0 

D 

0 


E 

A 

B 

D 

E 

A 

B 

0 

D 

E 

A 

B 

0 

0 

D 

E 

A 

B 

E 

A 

B 

0 

D 

B 

0 

D 

E 

A 

A 

B 

0 

D 

E 

A 

B 

0 

D 

E 

Chart 6, (Formed on 

the same lines as shown 

L in 

chart 



(1) 





(2) 



A 

B 

0 

D 

E 

A 

B 

0 

D 

E 

D 

E 

A 

B 

0 

0 

D 

E 

A 

B 

B 

0 

D 

E 

A 

E 

A 

B 

0 

D 

E 

A 

B 

0 

D 

B 

0 

D 

E 

A 

0 

D 

E 

A 

B 

D 

E 

A 

B 

0 

A 

B 

0 

D 

E 

A 

B 

0 

D 

E 


Chart 7. (Formed on the basis of Knut Vik squares) 


The mean and the variance of the treatment errors of 25 arrangemente 
balanced on lines similar to that described for four treatments were also 
calculated. 

Six treatments and eight replications 

(») Random arrangements . — Four hundred random arrangements were 
taken as described before. 

(ii) Balanced arrangements. — The following systematic or balanced arran- 
gements have been taken in this case. 

A B 0 D E F 

F E D 0 B A 

A B 0 D E F 

F E D 0 B A 

A B 0 D E F 

F E D 0 B A 

A B 0 D E F 

P E D 0 B A 

Chart 8. (Arrangement is similar to chart 1) 
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( 1 ) ( 2 ) 



A 

B 


c 

D 

E 

F 



A 

B 

c 


D 

E 

F 




B 

C 


D 

E 

F 

A 



F 

A 

B 


C 

D 

E 




C 

D 


E 

F 

A 

B 



E 

F 

A 


B 

C 

D 




T) 

E 


F 

A 

B 

C 



B 

E 

F 


A 

B 

C 




E 

F 


A 

B 

C 

D 



C 

D 

E 


F 

A 

B 




F 

A 


B 

C 

D 

E 



B 

C 

D 


E 

F 

A 




A 

B 


C 

D 

E 

F 



A 

B 

C 


D 

E 

F 




B 

C 


D 

E 

F 

A 



F 

A 

B 


C 

D 

E 






Ch 

art 9 

. ( Arran gomf 


. bas(M 

1 on diagonal s 

qiiare 

8) 






(1) 




(2) 



(3) 




(4) 



B C 

D 

E 

F 

A 

B C 

D 

E 

F 

A B 

C D 

E 

F 


A B 

C I) 

E 

F 


E D 

C 

B 

A 

F 

E D 

C 

B 

A 

F E 

D C 

B 

A 


F E 

D C 

B 

A 

r 

F B 

E 

A 

D 

B 

C A 

F 

D 

E 

B A 

E F 

C 

D 


C F . 

A B 

D 

E 

"S 

LD 

A E 

B 

F 

C 

E 

D F 

A 

C 

B 

D C 

F E 

A 

B 


E D 

B A 

F 

C 

fB 

J 

C A 

F 

D 

E 

C 

F B 

E 

A 

D 

C F 

A B 

D 

E 


B A 

E F 

C 

D 

IE 

D F 

A 

C 

B 

D 

A E 

B 

F 

C 

E D 

B A 

F 

C 


D C 

F E 

A 

B 


B C 

D 

E 

F 

A 

C 

D 

E 

F 

A B 

C D 

E 

F 


A B 

C D 

E 

F 

l.E 

E D 

C 

B 

A 

F 

E I) 

C 

B 

A 

F E 

D C 

B 

A 


F E 

D C 

B 

A 


Chart 10. (Arrang- rn^ nt based on two Latin squares) 


Excepting for an interchange between the positions of b and c, arrange- 
ments (1) and (2) are the same. Similar is the case with (3) and (4) also. 

In addition to the above, as in other cases, the means and the variances 
for the treatment errors of 25 arrangements balanced as shown in chart 4 
were also calculated. 

Seven treatments and six replications 

{%) Bandomized arrangements, — Here also, the treatment and the residual 
errors were calculated for 400 random arrangements. 

{ii) Balanced arrangements, — The following systematic or balanced arran- 
gements have been compared with the 400 random arrangements. 

A B C D E F G 

G F E D C B A 

A B C D E F G 

G F E D C B A 

A B C D E F G 

G F E D C B A 

Chart IL (Arrangement similar to that of chart 1) 
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D 

D 
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G 

A 

B 

C 

D 

E 

0 

D 

E 

F 
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Chart 12. (Arranged on the 

basis of diagonal squares) 
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B 
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B 
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Cliart 13. (Arraiigod 

on tlie basis of Knut Vik squares) 




Like the other three cases, the mean and the variance of the treatment 
errors were calculated for 25 an’angements of the type shown in chart 4 by 
the same method as that described for four treatments. 

Results and discussions 

The residual and the treatment errors of the different types of balanced 
arrangements shown above have been compared with those of the randomized 
arrangements and the results are given below in the succeeding tables. 

Table V gives the numbers of randomized arrangements having greater 
and less residual variance than that for balanced arrangement of the type shown 
in chart 1. 

Table V 


Comparison between randomized arrangements and balanced arrangements shown 

in chart 1 




No. of 

No. of 

No. of random samples 
with residual variance 


No. of treatments 

replica- 

tions 

samples 

tak<-m 

Greater than 
chart 1 

. 1 

Less than 

chart 1 

4 

. • • . • 

6 

300 

240 

60 

6 



6 

400 

357 

43 

6 



8 

400 

238 

162 

7 



6 

’ 400 

314 

86 


From Table V it is clear that balanced arrangements of the type indicat- 
ed in chart 1 are likely to give less residual variance than randomized designs 
and hence comparisons based on random arrangements are likely to be more 
reliable than that of chart 1, 
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Tabic VI shows the nunibcrs of randomized arraligeinents with greater 
as well as with less residual variance a^s compared with the arrangements based 
on diagonal squares. 

Table VI 


Comparison between random arrangements and diagonal squares 


j 

No. of treatments 

No. of random sampleB with reKidvial varianoo 

Grt'ater 

thnii 

chart 2 (1) 

Less t il an 
chart 2 (1) 

Greater ! 
than 

chart 2 (2) 

Lobs t liari 
chart 2 (2) 

4 

199 

101 

56 

244 

5 

192 

208 

7 

393 

6 

159 

241 

240 

160 

, 

7 1 

7 

393 

77 

323 


Table VI shows that for seven treatments both the arrangements based 
on diagonal squares are likely to give greater residual variance tlian that for 
random arrangements. In the c.*ase of four, five and six trerdinents the find- 
ings are not consistent. For four treatments random arrangements are likely 
to give greater accuracy than that shown in chart 2 (I), while the one indicated 
in chart 2 (2) is likely to give more reliable information than random ones. 
In the case of six treatments this position is reversed. From this, it is clear 
that we are not sure of the exact type of balance to be effected to get greater 
accuracy. However, taking the eight diagonal squares, the residual error for 
six of the arrangements is likely to be greater than that for random arrange- 
ments. 

Table VII gives the numbers of random arrangements having greater and 
less residual variance than that for Knut Vik squares. 

Table VII 

Comparison of random arrangements and Knut Vih squares 


No. of random arrangement b with re.sidnal variance 


No. of troatmonts 

1 

Greater 

than 

chart 7 (1) 

Lesfi than 
chart 7 (1) 

Greater 

than 

chart 7 (2) 

Less than 

1 chart 7 (2) 

i 

6 

226 

174 

103 

297 

7 

375 

25 

73 

328 
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Here again, the results are not consistent. Of the two arrangements 
shown in chart 7 (1) and 7 (2), the latter is lilcely to give greater accuracy 
than the random designs, while in the case of the former the position is just the 
reverse. We are thus faced with the same difficulty as in the ease of diagonal 
squares. 

Table VIII shows the numbers of random arrangements with greater as 
well as with less residual variance than that for arrangements given in chart 
10 for six treatments. 


Table VIII 


Comparison between random arrangements and balanced Latin squares for six 

treatments with eight replications 


Arrangoment referring chart 10 

— 

No. of rand on 
with V 

Greater 

1 arrangements 
arianco 

Loss 

1 

176 

224 

2 

147 

263 

3 . 

310 

90 

4 

281 

119 


Table VIII again shows that the claim of greater accuracy for balanced 
arrangements does not hold good for all balanced arrangements. It is possible 
to have several balanced arrangements and out of them some are more accurate 
while others are less accurate. In the present instance two cases are in favour 
and two are against balanced arrangements. 

For four treatments in chart 3, balancing has been done in two directions, 
i.e. along rows and columns. Comparing this arrangement vdth the 300 
random ones, it was found that 199 of them gave greater residual variance and 
the remaining 101 less. This finding is against the advantages claimed for 
balanced experiments. 

Table IX gives the average treatment error and its variance for the 25 
balanced arrangements and the random arrangements considered for the 
different cases. 

Table IX shows that, excepting the case of six treatments, the average 
treatment errors are more for balanced arrangements. It may be mentioned 
that the differences are not significant in any of the cases. The variances for 
the three cases are almost the same. The treatment error and its variance are 
less for six treatments only. This leads to the conclusion that, on the whole, 
balanced arrangements are likely to give less accurate results. It may, how- 
ever, be mentioned that the evidence available is not sufficient to say defoitely 
one way or the other. 
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Table IX 

Average treaimeni error and its varinnce for random and balanced arrangements 


No. of treatments 

Average 

variance 

Variance of variance 

Balanced 

Random 

Balanced 

Random 

4 

387 

314 

44,553 

53,452 

6 

188 

151 

9,442 

5,466 

6 

84 

102 

1,538 

3,819 

7 

114 

1 104 

! 

2,308 

3,246 


The discussions in the preceding paragraphs show that it is difficult to 
say in advance which type of arrangement is likely to give more reliable infor- 
mation. During the course of the present investigation we have come across 
with a number of balanced designs which are likely to give more accurate 
results than random arrangements. But when laying out an experiment, it is 
not possible to get at this particular design. Even if the balancing principle 
is adopted, as has already been pointed out, there are different ways of effect- 
ing this balance. In laying out an experiment one of the balanced arrange- 
ments will have to be selected at random, as in the case of randomized blocks. 
The present investigation has not given us conclusive evidence to prefer one 
design to the other. Under these circumstances the best thing appears to be 
to have a design in which both the principles are combined, and we get it in 
Latin squares. 

Summary 

It has been claimed by Gosset that balanced arrangements are likely to be 
more accurate than random arrangements. The wheat uniformity trial dis- 
cussed in a previous paper has been used to investigate the relative merits of 
random and balanced arrangements. The investigation covers the cases of 
four, five, six and seven treatments with six, six, eight and six replications, 
respectively, from different sections of the uniformity trial. It has been found 
that it is very difficult to say which of them is better. However, there is some 
tendency for the randomized arrangements to give more accurate results. 
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III. DISTRIBUTIONS OF VARIANCES AND RATIO OF VARIANCES 

BY 

P. V. KRISHNA IYER 

Imperial Agricultural Research Institvie, New Delhi 
(Received for publication on 6 November 1940) 

I T is well known that the ratio of variances test generally used for exa- 
mining the significance of biological and agricultural data is based on 
the ‘ normal ’ theory. In actual practice the distribution of the parent 
population may either be not ‘ normal ’ or not known. In the case of field 
experiments we are not in a position to have any correct idea of the distribu- 
tion of the population. In such cases it is essential to know whether the test 
usually applied is valid or not. This can be seen by exa minin g the distribu- 
tion of the ratio of variances (t) between and within groups of samples drawn 
from the same population, the distribution of which is unknown and (ii) bet- 
ween dummy treatments and residual error for the case of a uniformity trial 
data, distributing the treatments at random. As regards (i) it has already 
been shown by Pearson [1931] both from theoretical and experimental 
points of view that the distribution of the ratio of variances between and with- 
in groups of samples from the same population is not very sensitive to changes 
in the population form and that the ‘ normal ’ theory tests can be used with 
greater confidence than others, when dealing with populations whose distribu- 
tion laws are unknown. Regarding (ii) Eden and Yates carried out some 
investigations on the validity of Fisher’s 2 -test when applied to an actual exam- 
ple of non-normal data. The data consisted of height measurements of barley 
selected at random from various nitrogenous fertilizers, and they found the 
observed distribution agreeing satisfactorily with the theoretical distribution. 
But they have not clearly mentioned how the 24 permutations of the treat- 
ments A, B, C and D have been arranged and in the absence of this in- 
formation it is not known whether the samples are biassed or not. 

In the present paper an attempt has b^n made to get some information 
regarding the validity of the ratio of variances test as applied to randomized 
blocks on the Basis of the wheat uniformity trial, i.e. on item («) mentioned 
above. Incidentally the distributions of the variances for the dummy treat- 
ments and the residual error have also been compared with those of the ‘ nor- 
mal ’ theory. 

Material 

Random arrangements for the different cases mentiond in part II have 
been taken advantage of to examme the agreement or the divergence between 
the theoretical distributions of the variances and the ratio of variances as com- 
pared to what is actually observed under field conditions. 

Methods and discussions 

Variances . — The frequency distributions of the ratio of the variances of 
the different samples to their memi value have been given in Tabke I — ^IV 
for the treatment and the residual errors for the four cases (Bsoussed 
in part II. The expected values are calculated by unng the diatnhiitioh law 
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of variances on the basis of the * normal ’ theory. It will be seen that this 
distribution will involve the variance of the population which is unknown. 
This has been assumed to be equal to the mean variance for the different 
samples. The error involved in such an assumption can be shown to be very 
smaU. 

Table I 

Frequency distribution 

(4 treatments X 6 replications) 


For treatment error 


For residual error 


Classes 

Observed 

frequency 

Calculated 

frequency 

( 0 — C)a 

Classes 

Observed 

frequency 

Calculated 

frequency 


C 

C 

0-~25 

6 

8-7 

) 

0*838 ; 

0 --170 



23 * 7 ^ 


60 

14 

14*1 

0*001 

180 

2 


6*3 1 


76 

16 

16*5 

0*015 

190 

1 


6*9 y 

35*273 

100 

16 

171 

0*071 

200 

2 


7*8 1 


125 

16 

17*4 

0*113 

210 

2 . 


8*7 J 


160 

12 

16*8 

1-371 

220 

2 

9*0 

5*44 

176 

20 

16*5 

0*742 

230 

3 

9*6 

4*54 

200 

12 

15*6 

0*831 

240 

8 

: o*2 

0*47 

226 

19 

14*7 

1*258 

250 

5 

10*8 

3*11 

260 

13 

13*8 

0*046 

260 

7 

10*8 

1*34 

276 

7 

12*9 

2*698 

270 

7 

10*8 

1-34 

300 

15 

12*0 

0*750 

280 

8 

11*1 

0*87 

325 

7 

11*1 

1*514 

290 

18 

10*8 

4-80 

350 

20 

10*2 

9*416 

300 

22 

10*8 

11*61 

376 

11 

9*6 

0*204 

310 

26 

10-5 

22*88 

400 

8 

8*7 

0*056 

320 

24 

10*2 

18*67 

425 

11 

7*8 

1*313 

330 

18 

9*9 

6*63 

450 

12 

7*2 

3*200 

340 

33 

9*6 

, 57*04 

476 

6 

6*6 

0*055 

350 

32 

9*3 

65*41 

600 

9 

6*0 

1 * 600 

360 

32 

8'7 

62*40 

626 

4 

5*4 

0*363 

370 

30 

8*1 

59*21 

650 

6 

5*1 

0*159 

380 

15 

86*4 

69*00 

675 

3 

4*6 

0*600 





600 

3 

4 2 

0*343 





626 

3 

3*6 

0*100 





660 

6 

3*3 

2*209 





675 

2 

3*0 

0*333 





700 

1 

3*0 

1*333 





725 

3 

2 4 

0*150 




1 

760 

5 

2*1 

4*005 


! 


i 

775 

0 

2*1 

2*100 


i 



800 

2 

1*8 

0*022 


j 



900 

O 

6*71 



i 



1000 


. 3 * 6 ) 

1*089 





Upwards . 

4 J 

6 - 9 J 



i 



Total • 

800 

800 

38*698 

Total . 

j 300 

300 

410-03 
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Table II 

Frequency distribution 

(5 treatments X 6 replioations) 


For treatment error 


For residual error 


Classes 


(0-GY 



0 760 
0*671 
6*250 

0*176 

0*338 

1*982 


0*007 

4*600 

2*792 


400 400 29*646 


Classes 

Observed 

frequency 

Calculated 

frequency 

(0-0)* 

0 

0-^96 

1 

47*6^ 


99 

3 >* 

6*8 y 

46.306 

102 

2J 

7*6 J 


106 

3 

8-0 

3-125 

108 

3 

8*4 

3-471 

111 

3 

9*2 

4-178 

114 

4 

9*2 

2-939 

117 

3 

9*6 

4-638 

120 

10 

10*0 

0 

123 

8 

10*1 

0-437 

126 

6 

10*4 

2-804 

129 

11 

10*6 

0-024 

132 

12 

10*6 

0-186 

135 

8 

10*6 

0-638 

138 

18 

10*6 

5-166 

141 

26 

10*6 

22-883 

144 

8 

10*4 

0-554 

147 

29 

10*3 

33-960 

150 

16 

10*1 

3-447 

163 

26 

9*9 

26-183 

156 

22 

9*6 

16-017 

159 

39 

9*2 

96-526 

162 

29 

9*2 

42-613 

166 

34 

8*8 

72-164 

168 

28 

8*4 

46-733 

171 

13 

8*4 

2-619 

174 

20 

7*6 

20-232 

177 

12\ 

7*2\ 

83-959 

180 

If 

101*2/ 


Total . 

400 

400 

539-589 
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Table in 

Frequency distributim 


(6 treatmMits x 8 replications) 


For treatment error 

For residual error 

Clasaes 

Observed 

frequency 

Calculated 

frequency 

(0-C)‘ 

c 

Classes 

Observed 

frequency 

Calculated 

frequency 

( 0 - C )» 

c 

0—20 

9 

14*4 

2-026 

0-^80 


66*71 


25 

6 

8*8 

0*891 

82 

3 y 

9*8 \ 

68-347 

30 

8 

10-4 

0*554 

84 

2 J 

10*7 J 


35 

8 

11*6 

1*117 

86 

4 

11 * 2 *^ 

4*663 

40 

20 

13*2 

3-603 

88 

5 

11*7 

3*869 

45 

19 

13*7 

2-060 

90 

10 

12*2 

0*390 

50 

19 

14*5 

1-397 

92 

11 

12*5 

0*189 

55 

12 

14*8 

0-530 

94 

9 

12*9 

1*174 

60 

11 

15*0 

1-067 

96 

i 23 

13*1 

7*586 

65 

18 

15*1 

0-667 

98 

! 19 

131 

2-646 

70 

15 

150 

0 

100 

22 

13*1 

5*992 

75 

16 

14*7 

0*115 

102 

24 

U‘l 

9 * 140 

80 

13 

14*4 

0*136 

104 

32 

12*9 

28*435 

85 

14 

14*0 

0 

106 

36 

12*6 

43*314 

90 

14 

13*6 

0*012 

108 

38 

12-3 

53*698 

95 

12 

12*8 

0*050 

no 

45 

12*0 

91*274 

100 

12 

12-8 

0-060 

112 

40 

11*6 

70*078 

106 

13 

11*6 

0*169 

114 

47 

11*0 

117*302 

110 

13 

11*6 

0*169 

116 

16 

10-6 

2-841 

115 

12 

10*4 

0*246 

118 

9 

117*0 

99*692 

120 

7 

10*0 

0*900 





125 

9 

10*0 

0*100 





130 

7 

8*8 

0*368 





135 

11 

8*4 

0*805 





140 

4 

7*6 

1*705 





145 

8 

7*6 

0*021 





150 

7 

6*8 

0*006 





155 

6 

6*4 

0*025 





160 

10 

5*6 

3*457 





165 

7 

6*6 

0*350 





170 

8 

5*2 

1*508 





175 

6 

4*8 

0*300 





ISO 

3 

4*4 

0*445 





185 

3 

4*0 

0*250 





190 

3 

3*6 

0*100 





195 

5 

8*2 

1*013 





200 

3 

8*2 

0*013 





205 

4 

2*8 

0*514 





210 

5 

2*8 

1*729 





215 

1 

2*4 

0*817 





Upwards . 

19 

24*4 

1*195 





Total e 

400 

400 

30*259 

Total . 

400 

400 

610*630 
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Tablb IV 


Frequency distribnUon 
(7 treatments x C replications) 



The values of x* between the observed and the theoretical frequency 
distribution for the residual and the dummy treatment variances are given in 
Table V. 

Table V shows that the observed distribution of the residual variance is 
not in accordance with the theoretical distribution. It is interesting to note 
that the observed distribution of the variance for dummy treatments is not 
significantly different fimm that of the theoretical distribution. This mi^t 
probably be due to the fact that we are dealing with the distribution oS variances 
based on the means. 
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Table V 

X* for the treatmerU and the residual variances 


No. of treatments 

Residual 

variance 

Variance for dummy 
treatments 

Observed 

Theoretical 
at 5 per cent 
level 

Observed 

Theoretical 
at 5 per cent 
level 

7 

427-5 

40-1 

31-6 

41-3 

6 

610-6 

31-4 

30-3 

>43-8 

5 

539-6 

42-6 

29-6 

35-2 

4 

410-0 

33-9 

38-7 

>43-8 


Batio of variances .' — ^We have now seen that of the two variances one 
follows the ‘ normal ’ theory, while the other does not. It is now worth while 
to examine the effect of this deviation on the ratio of variances test. Table VI 
gives the observed and the theoretical frequencies of the ratio for the four 
hypothetical experiments discussed before, x* and P (x*) have also been 
given at the end of the table. 

From Table VI it is clear that there is no reason to believe that the ratio 
of variances test is inapplicable in the case of data the distribution of which is 
unknown. 

This conclusion is in full agreement with those of Pearson, and Eden and 
Yates. Pearson [1931] after extensive investigations on some non- 
normal data came to the conclusion that the analysis of variance is apphcable 
over a fairly wide range of non-normality, provided the degree of freedom for 
the residual error is not small, Eden and Yates [1933] also found the dis- 
tribution of 2 for 1000 random samples agreeing satisfactorily with the 
theoretical distribution. 


Summary 

The distributions of variances for (i) the treatments, (n) the residual error 
and (in) their ratio, have been investigated for experiments involving four, 
five, six and seven treatments, distributing dummy treatments at random on 
data computed from a uniformity trial, { The treatment variancrs are distri- 
buted in accordance with the ‘ normal ’ theory, while it is not so in the case of 
the residual error. As regards the ratio, the observed distribusions are fairly 
in agreement with the theoretical distributions on the basis of the ‘ normal ’ 
law. 
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RESEARCH NOTE 

A MOSAIC DISEASE OP COWPEA 

BY 

R. SAHAI VASUDEVA, B.So., Ph.D. (Lond.), D.I.C. (Lond.) 

Assistant Plant Pathol^ist, Section of Mycology and Plant Pathology^ 
Imperial Agricvltural Research Institute, New Delhi 

(Received for publication on 23 May 1941) 

(With Plates VII and VIII and two text.figures) 

D uring the study of the ejffeot of mixed cropping on the incidence of 
root-rot disease of cotton at Lyallpur an experiment was laid out in 
which Punjab cowpea type 1 (Vigna Catiang) had been inter-cropped in 
between the rows of desi cotton variety Mollisoni 39. In addition, a border 
of cowpea 2 ft. in width was sown all round the mixed plots. Both cotton 
and cowpea were sown on 20 May 1940. The affected cowpea plants 
exhibited three groups of symptom pictures. The first symptoms of the 
disease described in this note appeared about five to six weeks after sowing. 
The cowpea plants at this stage had almost covered the entire cotton crop 
as well as the surface of the soil in mixed plots. 

Groot I : The most obvious symptom is the general stunting of the 
affected cowpea plant. The symptoms are more marked in the upper por- 
tion of the plant. A prominent feature is the appearance of thick wrinkled 
leaves. The veins of the affected leaves are usually translucent when seen 
against light. After sometime mottling of leaves appears. This consists of 
small irregular light green areas which in parts are almost devoid of chlorophyll. 
Later on these turn yellow and the leaf-surface at this stage is a combination 
of yellow and green patches. The dark green areas are sometimes raised 
and look Uke blisters. The yellow patches are more marked on the upper 
surface of the affected leaf. Mottling and deformity of the leaf is usually 
accompanied by waving of the margins, 

Groot II : In some plants universal yellowing of the leaves is more 
prominent and the leaves are neither abnormally thick nor highly distorted. 

Group III : There are other plants, the leaves of which show yellow 
and green patches. The mottling is very conspicuous. The diseased leaves 
frequently develop pale to brilliant yellow areas which later turn brownish 
n parts. The veins, including the mid-rib, turn reddish and look like dark 
red streaks. The most characteristic feature is the presence of dark brown 
to reddish spots about 1 — 2 mm. across on the upper surface of the affected 
leaves. ^ 

The common feature is the general stunting of the diseased plants and 
the affected leaves in due course drop off. Plate VII, figs. 1 and 2 and 
Plate VIII show symptoms exhibited by three groups of plants. 
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It may be mentioned that the naturally infected plants were seen both 
in the Botanical Experimented ^area and the Students Farm at Lyallpur where 
oowpea (Punjab type 3) a^ne had been sown. . In tte mixed cropping experi- 
ments the cotton plants appeared to be quite healthy and normal. About 
15 per cent of the cowpea plants were affected. 

Histology 

Transverse sections of the young wrinkled diseased leaves taken from 
the upper portion of the plant showing stunting and symptom picture of the 
first group and also leaves of a healthy plant were out and examined micros- 
copically. The affected leaf is much thicker than the normal leaf. The 
margin of the affected leaf is irregular and wavy and the cuticle is fused with 
the epidermal layer at various places ; the epidermal cells are not defined 
but the cuticle and the epidermis is regular and marked in the healthy leaf 
which has. a regular outline. In the affected leaf the normal palisade cells 
are sn^all in number and the palisade tissue is neither continuous nor regular, 
whereas in the case of unaffected leaf the palisaMle tissue, is regular. . The 
palisade cells of the affected leaf have very few ohloroplasts, whereas those of 
healthy leaves are full of them. The spongy parenchyma in the affected 
leaf is adversely affected. The sclerenohyma cells of tJie diseased leaf are 
thicker and larger in size than those of healthy leaves. The vascular bundles 
in the affected leaves are scattered and are not arranged regularly. The 
xylem vessels tend to be thicker and larger than in the healthy normal leaf. 
In the affected leaf a large number of elongated and irregular cells develop 
which appear to have partly taken the place of spongy and palisade tissue. 
Figs. 1 and 2 show transverse sections through a diseased and a healthy 
leaflet respectively.. 



Fta. 1. Transverse seotion of a audformed cowpea l^iffet ( x SO) 
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InfectivUy 

Isolations made &om the 
diseased material did not 
yield any organism. Micro- 
soopio examination also did 
not reveal the presence of 
fungal hyphae. 

The juice of the plants 
was extracted in a sterilized 
pestte mid mortar, strained 
through fine muslin doth and 
centrifuged to remove the Era, 2. Transverse section of a heathy leaflet (x 60) 
oeU-dehris. Inoculations were made by smearing the leaves with the juice 
by means of a spatula on which cloth had been wrapped and pricking the 
smeared leaves. Juice was also introduced by means of a syringe, but as 
the first method proved quite handy and successful it was continued. jYoung 
oowpea plants raised in sterilized soil inside large glass-walled chambers 
were inoculated with the extracts of the washed diseased plant leaves. 
Checks were inoculated with the juice of healthy plants. 

The juice from leaves of plants showing all the three types of symptoms 
described above was used separately for inoculation purposes, but it was 
observed that in all cases yellow mottling appeared on the leaves of inoculated 
plants within five days, whereas the controls remained healthy. In these 
preliminary inoculation tests the distortion of the leaves was not observed 
to have been reproduced. 

Holmes [1939] mentions a mosaic disease of cowpea induced by artificial 
inoculation with cucumber-mosaic virus, cowpea-mottling strain, but does 
not mention the occurrence of the disease in nature. It has not been deter- 
mined whether the disease referred to in the note is the same. Smith [1924] 
has, however, mentioned the occurrence in Louisiana, Arkansas and Indiana 
of a cowpea mosaic causing mottling and crinkling of the leaves. 

REFERENCES 

Holmes, F. 0. (1939). Handbook of Phytopathogmic Virueea, pp. 39-40 : Burgess Pub. 

Co., Minneapolis 

Smith, C. E. (1924). Science 40, 268 



REVIEWS 


Aimrn^i Review of Koohemioal and Allied Research in India* VoL XI, 1940. 

Society of Biological Chemists, India, Bangalore : Price B>s. 3 or 6d. 

T he review covers a wide field and consists of 1 6 sections the subject-matter 
of which has an important bearing on agricultural science, such as enzymes, 
vitamins, animal nutrition, adulteration of foods, phytopathology, soils, 
fertilizers and manures, biochemical and allied industries, etc. Only a brief 
mention of a few of the items is made in this short review. 

The contributions made in the field of enzymes during the year relate to 
the nature of carboxylase, zymohexase, liver aldehyde oxidase, cytochrome 
oxidase and other oxidizing enzymes. The work of Indian workers from the 
Biochemical Laboratories, Cambridge, on biological oxidations, also deserves 
notice. 

The work of the Bengal Nutrition Committee and the occurrence of a 
widespread famine in the south-eastern districts of the Punjab raise the 
question of Vitamin-A deficiency. In the famine areas scurvy and night- 
blindness have been widespread. While scurvy was largely controlled by 
the use of anUa powder, no such cheap and potent source of vitamin- A was 
available for mass distribution. War stopped the import of cod-liver oil. 
Scientists therefore began to look to the life in the numerous rivers, bays, 
canals and tanks of In^a for any available supply of vitamin A. 

In 1940, there was greater interest in putting down the adulteration of 
food and drugs. The enactment of the Drugs Act and the formation of the 
Central Committee for Food Standards were notable events. Equally en- 
couraging was the output of scientific work in this field. 

The year marks an increasing interest in researches on applied plant 
physiology, such as in vernalization, water relation, the influence of mineral 
elements, etc. Useful contributions were made on germination and viability 
of seeds, respiration in light, photo-periodism and radiation efiects on the 
growth of plants. 

In the field of entomology, several studies were made dealing with insect 
pests of cotton and sugarcane. Further, Schistocerca gregaria Forsk. has 
been found to be the locust par excellence of India not only by the frequency 
of its visitations, but also by the extenlr and severity of its attacks. The 
locust problem is now recognized to be an international one and in setting out 
India’s part in investigations on this pest, considerable advance has been made 
in the study of the bionomics of the desert locust, the nature of its habitat 
and the conditions under which new outbreaks may occur. 

second world war has brought in its train great slackening of all scien- 
tific research except that connected with the war effort. This has been due 
to the difficulties in obtaining requisite supplies of suitable chemicals and 
apparatus. In the domain of the chemistry of plant products, the paucity 
01 research by Indian chemists is particularly noticeable during the year, 
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Howovor, important investigations have been carried out in this line on essen- 
tial oils, fixed oils and waxes, lactones and glucosides comprising bitter prin- 
ciples of plants, plant-colouring matters and alkaloids. 

Under biochemical and allied industries, interest continues to be centred 
in the utilization of molasses for the preparation of chemicals. The spade 
work in connection with the manufacture and use of power alcohol may now 
be considered to be complete with the enforcement of the U. P. Power Alcohol 
Act of 1940, making it compulsory for every petrol distributor within certain 
areas to add 20 volumes of power alcohol to every 80 volumes of petrol, before 
retailing the latter to the public. The industry has, however, received a 
temporary setback, as it is not possible to import the necessary plant. 

The interest in the manifold problems presented by the soils has continued 
as is manifest in the impressive volume of work in the year. 

A comparative study of the different soils of India and profiles for their 
classification into broad groups in relation to the world scheme of classification 
as also to the cultural and fertilizer practices was in progress. In order to 
gain a general idea of the evolutionary status of the Indian soils under varied 
geological and climatic influences, three soil maps have been prepared there, 
based on (1) agricultural and colour nomenclature, (2) the relative nitrifying 
power of surface soils, and (3) climatic differences. 

Molasses, a waste product of the sugar industry, has found useful applica- 
tion as manure, and so also filter-press cake, and compost made up of press- 
mud, cane-trash and bagasse. 

Fertilizer trials were continued during the year. In Bihar an applica- 
tion of 60 lb. of N and 60 lb. of P2O5 to sugarcane gave a net profit of Rs. 35-40 
per acre, in the Central Provinces the highest net profit per acre was with 20 lb. 
of P2O5 and amounted to Rs. 3-12 only per acre ; while in Orissa doses of 
nitrogen from 20 to 40 lb. gave increased yields which, however, did not 
pay for the cost of manure. The application of phosphatic manures to Assam 
soils gave profitable response in crop yields. 

Dry cultivation offers the largest scope for increasing the wealth of the 
country, especially in Mysore where 80 per cent of land is under dry cultiva- 
tion. 

An Agricultural Testament by Sir Albert Howard published during the 
year is a useful contribution to the careful study of Indian agricultural prob- 
lems. The whole thesis of the publication is to show that for true agricul- 
tural success organic manure is essential, since it produces humus, and humus 
is necessary for mycorrhizal symbiosis between the plant roots and the soil 
which extensive experience has apparently shown to be fundamental. Plants 
grown under proper agricultural conditions, with ample aeration in presence 
of humus, are shown to be disease-resistant, and animals including human 
beings fed on such vegetables are also resistant to disease (B. V. N.)* 



NOTES 


BOMBAY AGRICULTURAL PESTS AND DISEASES ACT. 

1941 

T he Bombay Government Gazette of the 12th September l d41 publishes an 
Act to provide for the prevention of the introduction, spread or reappear* 
ance of insect pests, plant diseases and noxious weeds injurious to crops, 
plants or trees in the province of Bombay, to be known as the ‘ Bombay 
Agricultural Pests and Diseases Act, 1941 

Four distinct forms of action under the Act for control of pests, diseases 
or weeds are envisaged. The provincial Government may, by notification 
in the oflScial Gazette : — 

|1) declare that such pest, disease or weed is an insect pest, plant dis- 
ease or noxious weed 

(2) specify the local area within which and the period during which such 
declaration shall remain in force 

(3) prohibit or restrict the removal of any plant or tree from one place 
to another, and 

(4) direct the carrying out of such preventive or remedial measures, 
including the destruction of any pest, disease or noxious weed or 
any crops, plants or trees, as the provincial Government may 
deem necessary, in order to eradicate such pest, disease or weed 
or to prevent its introduction, spread or reappearance 
The Government will appoint Inspectors to enter upon any land or premises 
within a notified area, to ascertain the presence of insect pests, plant diseases 
or noxious weeds and to see that the measures advocated have been carried 
out. If the measures have not been taken, he is empowered to issue an order 
giving a time limit for their completion, against which order an appeal may 
be preferred with the Collector. In the event of continued failure, the Ins- 
pector himself may carry out the work, the cost being recovered as an arrear 
of land revenue. Compensation for trees or plants destroyed under a general 
or particular order will be granted. The amount of compensation shall be 
as follows : — 

(1) If a tree is infected with an insect pest or a plant disease, a sum 
not exceeding half the value of the tree. 

(2) If plants are grown so close together that they cannot be treated 
individually and healthy plants have also to be destroyed, a 
sum not exceeding three-fifths of the value. 

(3) If plants or trees are destroyed which though not infected at the 
time with an insect pest or a plant disease are, in the opinion 
of the Inspector, liable to such infection, a sum equal to the full 
value. 

Cotton plants are excluded from compensation, as also plants and trees 
which in the opinion of the Inspector contracted infection due to negligence 
of the occupier in carrying out preventive or remedial measures mentioned 
in a notification. 
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Persona removing plants or trees in contravention of a notification, or 
failing to comply with a notice, or in any other way committing a breach 
of the provisions of the Act are liable to punishment with a fine which may 
extend up to Rs. 25. 

The Act itself does not include the mention of any particular insect pest, 
disease, or weed, but a statement appended to the notification mentions a 
number of pests and diseases requiring attention, namely mildew, aphis, 
stem borer, cotton bollworm, grasshopper, coconut-tree pests, and koleroga 
disease of betel-nut palms. It is mentioned that owing to the failure of a few 
land owners or occupiers to cooperate, it has been imimssible to eradicate 
these pests and diseases effectively, and it is in order to compel simultaneous 
action that the Act has been passed. 

This Act appears to be modelled on the ‘ Madras Agricultural Pests and 
Diseases Act, 1919 ’, which has proved of considerable help to the Madras 
Department of Agriculture in enforcing pest control measures in that pro- 
vince. 

MAYNARD-GANGA RAM PRIZE 

A pplications are invited for the award of the Maynard-Ganga Ram 
Prize of Rs. 3,000 for a discovery or an invention or a new practical me- 
thod which will tend to increase agricultural production in the Punjab on 
a paying basis. The prize is open to all, irrespective of caste, creed or nation- 
ality, and Government servants are also eligible for it. Essays and theses 
are not accepted. The prize will be awarded for something practically achieved 
as a result of work done after the prize was founded in 1 925. In their applica- 
tions competitors must give a clear account of the history of their invention 
or discovery and must produce clear evidence that it is the result of their 
own work. In the case of an improved crop details of parentage, evolution 
and history and a botanical description are necessary. 

The Managing Committee reserves to itself the right of withholding or 
postponing the prize if no satisfactory achievement is reported to it, or to 
reduce the amount of the prize or to divide it if the quality of the entries justify 
this action. 

Entries should reach the Director of Agriculture, Punjab, Lahore, not 
later than 31 December 1942. 


T he Imperial Agricultural Bureaux have just issued the 10-year Subject 
and Author Index to Horticultural Abstracts 1931-40. Price about 26«. 
(No free issue.) 

All orders should be sent direct to The Imperial Agricultural Bureaux, 
Central Sales Branch, Agricultural Reseach Building, Penglais, Aberystwyth, 
Wales, 




PLANT QUARANTINE NOTIFICATIONS 


India 

Form of special permit authorizmj importation of insects 

[Prescribed by the Central Government under para. 2(a) of the Notification* 
No. F.-193/40-A, dated 3 February 1941] 

1. Name, designation and full address of 

the importer . 

2. Name of the insect species to be im- 

ported . . 

3. Stage or states of the insect to be 

imported . . . . 

4. Country from which imjrortation is 

sought 

5. Whether importation is intended by 

sea, land or air . . . 

6. Whether in its original home it is a 

weed pest, a parasite or a predator 

(i) Name (names) of the weed 
(w'ceds) on which it is a pest 

in the country of origin 

(it) Name (names) of the pest 
(pests) on which it is a para- 
site or predator in the coun- 
try of origin 

7. Name, designation and address of the 

exporter . . . 

8. Quantity indented for . . 

9. Purpose of importation 

I authorize the importation. This permit will be valid up to 


(Signature and designation of the 
certifying authority) 

Date 

[N.B . — It is expected that the permit will be obtninod in nd\ anco of sending the 
order so that the imported material may not remain indefinitely in the warehouse for 
want of suitable permit.] 

Notification No. F. IQSjiO-A. (c), dated 12 August 1941 of the Government of 
India in the Department of Education, Health and Lands 

I N exercise of the powers conferred by sub-section (I) of section 3 of the 
Destructive Insects and Pests Act, 1914 (II of 1914), the Central Government 
is pleased to direct that the following amendment shall be made in the Order 

•Published in this Journal, Vol. 11, Part II, page 322 
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published with the notification of the Gov^ernment of India in the Depart- 
ment of Education, Health and Lands, No. r.-193/40-A., dated the 3rd Feb- 
ruary 1941, namely : — 

In clause (b) of paragraph 3 of the said Order, after the word ‘ Orissa / 
the words ^ Jammu and Kashmir ’ shall be inserted. 


Notification No, F, 15-11 dated 1 September 1941 of the Government of 

India in the Department of Education^ Health and Lands 

I N exercise of the powers conferred by sub-section (1) of section 3 of the 
Destructive Insects and Pests Act, 1914 (II of 1914), the Central Govern- 
ment is pleased to direct that the following further amendment shall be 
made in the Order published with the notification of the Government of 
India in the Department of Education, Health and Lands, No. F. 320-35-A., 
dated the 20th July 1936, namely : — 

In sub-paragraph (2) of paragraph 9 of the said Order for the words 
and brackets ' (Ceratostomela paradoxa or Thielaviopsu paradoxa) * 
the words and brackets ‘ Ceratostomella paradoxa (Thielaviopsis 
paradoxa) ’ shall be substituted. 

Foreign Countries 

Notice No. 2 of 1941 regarding plant quarantine regulaiions and import restric- 
tions received in the Imperial Council of Agriculiural Research 

T he following plant quarantine regulations and import restrictions have 
been received in the Imperial Council of Agricultural Research. Those 
interested are advised to apply to the Secretary, Imperial Council of 
Agricultural Research, New Delhi, for loan. 

1. Quarantine and other official announcements 

(i) Service and Regulatory Announcements October-December 1940 

(ii) Fruit and Vegetable Quarantine of Puerto Rico 

(iii) Japanese Betel Quarantine 

2. Summaries of plant quarantme import restrictions 

(i) Plant Quarantine import restrictions of the Dominion of Canada 

(ii) Plant Quarantine and Import Restrictions of the Free City of Danzig 
previous measitres abrogated 

(iii) Foot-and-mouth disease in Norw^ay 

3. Other announcements 

(i) Government of Burma, Department of Agriculture and Forests 
Notification No. 141, dated the 2nd June 1941 
(ii) Government of Burma, Department of Agriculture and Forests Notifi- 
cation No. 182, dated the 2r)th June 1941 regarding import of 
live insects into Burma 
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The Indian Joubnal of Agricultural Science, Vol. IX, Part IV 


Page 605— 

Total solids in Table VIII signify residue left on drying the soil extract to constant 
weight and are not to be confused with the sum of the different water-soluble constituents 
each determined separately. 

Table VIII, column 2, lino 7, /or ‘0*010’ read ‘0 •102’ 

Table VIII, coluimi 9, lino 5, /or ‘0*095’ read ‘0*038’ 

The Indian Journal of Agricultural Science, Vol. XI, Part V 

Pages 710-11 (Table III), columns 3, 4, 5, 6, 7 and 8 of the lower half of the table 
refer respectively to ‘ HirmUum ‘ Herbaceum ’, ‘ Arhoreum ‘ Cernuum ‘ All cottons * 
and ‘ By analysis of variance 
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ORIGINAL ARTICLES 

PKOrERTlFS OF SUB-FRACTIONS OF HYDROGEN OLAY 
PREPARED FROM INDIAN SOILS, T* 

BY 

J. N. MIJKHERJEE, D.Sc. 

R. P. MITRA, D.Sc.**** 

AND 

S. K. CHAKRAVORTY, M.Sc. 

Physical Chemistry Laboratory, University College of Science and Technology, 
02, Upper Circular R(Xid, Calcutta 
(R(HH>ivo(l for publication on 25 AuKust 1941 ) 

(With six text-figures) 

I N recent years, the properties of sub-fractions of clay having particles of 
different sizes have attracted (?onsiderabIe attention in consequence of the 
light they throw on soil formation pnxiesses [Brown and Byers, 1932 ; 
Bradfield, 1935; Bray, 1937j. Apart from this standpoint, variations in 
colloidal pro{)erti6s with the paitiole size, even when the mass chemical com- 
position of the disperse phase, the clay, shows little or no c.hange with the 
degree of dispersion, are of considerable theoretictal interest. A study of the 
properties of sub-fractions of hydrogen (days separated from Indian soils has 
been undertaken by us with both these objects in view. The present 
])aper is the first of a series which will deal witl\ these studies. 

Experimental 

(a) Separation of suh-fTactions frmn the entire clay fraction — Particulars 
regarding the soils used are given below . 

Table I 

Particulars of soils used 


Labo- 

ratory 

No, 

Description of soil 

‘ ” ■ — '■ ■ 

pi 

Aq. 

SllS- 

IK'iision 

a 

NKil 

SU.S- 

prnshMi 

Clay 

f- 1 Silt 

loss on j (per cent) 
solution' 

(per cent) 

Base- 

oxchange 

capacity 

by 

Parker's 

fl929] 

method 

Total 

exchange- 

able 

bases (S) 
by 

Rico 

Wllliam.c 

{1932] 

method 

22 ! 

i 

Red lateritic soli from Govermneiit 
A^c. Pann, Dacca (Bengal) 
collected from a depth of 0 to 0 
Inches 

.5 12 

1 

4-21 

! 

22-8 

20 1 

8-4 

4*8 

U 

Black soil from Government Ex- 
perimental Farm, Akola, Berar 
(C. P,) collected uom a depth of 
0 to 0 inches 

710 

7 -or. 

i 

1 

44 -M 

190 

39 T) 

39'r> 


*The results given in tins paper have been taken from the published Annual Report 
for 1937-38 on the working of a schcniie of rf?seareh into the Propc^rtiee of Colloid Soil 
Gotistituents financed by the Imperial Council of Agricultural R<‘sear(*h, India 
**86nior ABwistant Soil Chemist umler the above scheme 
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From the entire clay fraotions of the soils the foUowing subfraotbns were 
separated by controlled oentrifagal subsidence. A ‘ bucket type ’ centrifuge* 
having a diameter of 25 cm. and capable of making 6,000 revolutions per 
minute was used. 

Table II 


Equiv<uent spherical diameters of svb-fractions and their percentages in the 

entire clay fraction 


Soil 

j 

[ 

Reference 

number 

of 

8ub -frac- 
tion 

j 

Pcrct‘ntage 

of 

aub -frac- 
tion 
in the 
entire 
! clay 

1 

I.imiting equivalent 
spherical 
diameters in 
micronfi 

Reference 

numbei’ 

of 

corres- 

ponding 

hydrogen 

clay 

1. Red lateritic soil . , | 

1 1 

1 26-10 

0* 26 and 2*0 

j 

L» 


2 

9*60 

0*16 and 0*26 | 

Lj 


3 i 

1 

66*40 

<0*16 

L, 

2. Black soil 

1 1 

13*50 

0*46 and 2*0 

M, 


2 

4*80 

0*23 and *045 i 

1 

M, 


3 i 

5*20 

016 and 0-23 

M, 

) 

4 i 

i 

75*50 

<0-]6 ! 

i 



The depth of sampling and the rate of revolution of the centrifuge were 
kept constant in separating the different fractions ; only, the time of settling 
was varied. The limiting equivalent spherical diameters (given in column 4 
of Table II) were calculated from Stokes’ law under the following simplifying 
assumptions ; 

(t) The different fractions have the same density. 

(it) The particles settle under a uniform centrifugal force, viz. that 
obtaining at half height. 

(tit) The particles have a spherical symmetry. 

The different subfractions were leached with dilute (0-06.N^) hydrochloric 
acid to obtain the corresponding hydrogen clays which were washed free from 
Hd and made up to suspensions containing 2*5 gm. of oven-dried (106®C.) 
material per litre. All measurements report^ in this paper were made with 
these hy^ogen clays. 

(6) Fusion analysis for Fe, Al and 8i . — ^The usual methods of soil and 
clay analysis were followed [Wright, 1937]. 

(c) Electrometric titration of hydrogen days . — ^The technique of Mukherjee 
et al. [1936] was followed. In addition to hydrogen and quinhydrone elec- 
trodes used by them glass electrodes (Morton type) in conjunction with a 
Cambridge electrometer valve potentiometer reading directly to 2 millivolts 
were used. 

*A Sharpies supercentrifuge is now being used for separating very fine sub-fractions 
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Results 

(o) Chemical composition. — ^The results of fusion analysis are given in 
Table III. 


Table III 


Chemical compositions of the entire hydrogen day and its sub-fracHons isdated 

from the Dacca soil 


Hydrogen clay 

SiOa 

per cent 

AljOj 
per cent 

FcjO, 

per cent 

SiOj 

' SiO, 

AI 2 O 3 

AljOs-f FCjOs 

L * 

61-2 

36-0 

11-9 

2-40 

1*99 

Li 

1 

64-9 

30-6 

5*0 j 

3-60 

3*26 

I 

L, 

49-6 

1 36*5 

12*6 

2-31 

1*86 

La 

39-9 

46-6 

140 

1-46 

1-22 


’•'Obtained from (ho entire clay fraction 


Table IV 

Chef^iical compositions of the entire hydrogen clay and its sub-fracUcm isdated 

from the Akola soil 


Hydrogen clay 

SiO 2 

p(’l' (.‘('lit 

' 1 

Al.Oa 1 
! [ler cent | 

[ 1 

Fc.Oa ‘ 
per cent ; 

j 

i 

SiO^ 

SiOj 

MjO, 

AljOj + Fc.O; 

M* 

031 

i 

30-4 

1 

16-9 

30 

219 

M, 

05- 8 

24-2 

9-8 ! 

4*6 

3-7 

M, : 

59-3 

26-9 

14-2 ' 

3-7 

2-6 

M, 

52* 1 

30-6 1 

18-0 i 

1 

2-9 

2- 1 

M, 

48-4 

32-3 ; 

19-3 j 

2'6 1 

1*8 


’•'Obtained from the entire clay fraction 

The percentage of silica decreases witli diminishing particle size wliile 
that of alumina and ferric oxide increases. In consequence, the silica-alumina 
and silica-sesquioxide ratios decrease with diminishing particle size. The per- 
centage of silica is definitely higher in the coarsest fraction of the red soil and 
the ^wo coarse fractions of the black soil compared with the respective entire 
clays. The percentages of ALOj and FcgOa ai*e, on the other hand, greater 
in the entire clays than in the above coarse fractions but lower than in 
the finer fraotious. 
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The results of fusion analysis of the silt fractions given in Table V 
follow the regular sequence of variations in composition with the particle size 
within the clay fraction. 

Table V 


CJtemical co^iposiUons of the silt of the Dacca and Akola soils 



SiO, 

(per cr^nt ) 

AljO, 

(per cent) 

!FOj|0 g 

{per cent) 

Silt of the Baoca soil . . . . j 

1 eo -4 

6-76 

1-42 

Silt of the Akola soil . . . . t 

80-2 

I 

12-40 

6-02 



M. e. NaOH per loo^. Colloid ^ 

Fio. 1. Titration curves with KaOH of the entire hydrogen clay and its subdraotiona 
isolated from the Dacca lateritic soil 

A similar inore ise in the percentage of silica in the silt fraction as 
compared with the 1-2 g fraction was observed by Marshall [1936]. He 
attributed this to a greater percentage of free quartz in the silt. 
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The decreaHc in the })eroentage of silica with (liniiniHhiiig particle size 
indicates that the chemical weathering pTocess attending the mechanical break- 
down of the large particles is one of continued desilication which appears to 
be more pronounced with the red lateritic soil than the black soil in agree- 
ment with the more intense conditions of leaching under whicdi the red soil 
lias been formed compared witli the other soil. 

(b) Free and total acids, — Table VI gives the free acids calculated from 
tlie ^H’s of 0-25 per (lent suspensions and the total neutralizable acids 
(•alculated *from the titration curves with different bases given in Figs. 1 - 6 . 
The total acids have been calculated botJi at the inflexion points of the curves 
as also at pH 7 • 0. 



M* €. per ioo^» 05 Colloid 

Flo. 2. Titration curves with Ba (OHlj of the entire hydrogen clay and its sub- 
fractions isolated from the Dacca lateritic soil 

Botli the free and total acids increase with diminishing })article size. Lj 
and Mj obtained from the coarsest fractions have much smaller total acids 
than L and M obtained from the entire clays. Lg and L 3 have greater total 
acids than L. Those of Mg and Mg are small compared with M. M 4 , however, 
gives a definitely greater value than M. The larger total acid of M compared 
with Mj, Mg and M 3 is expected as the entire clay fra(ition is largely made ii|) 
of the finest fraction (Table II) having the largest total acid. 
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M. e. Ca(OH\ per loog. of Colloid * 

Fra. 3. Titration curves with Ca(OH), of the entire hydrogen clay and its sub-fractious 
isolated from the Dacca Isteritio soil 

Table VI 


Free and toted acids of aub-fractions of hydrogen day 


Hydrogen 

clay 

' 1 
§ 

m\ ^ 

ok 

“R 

Freo 
acid in 
m, e. H+ 
ions 
per 

100 gm. 
colloid 

Total acid in m. 

NaOH ! 

j 

e. base per 100 gi 

Ba(OH)2 

□a. colloid using 

Ca(OH), 

At in- 
flexion j 
point 

At pH 
7*0 i 

At in- 
flexion 
point 

i 

1 At pH 

1 7-0 

At in- 
flexion 
point 

At pH 
7*0 

Li 

3-60 

0*07 

8*33 

3*30 

7*0 

! 7*0 

8-0 1 

8*0 

L. 

2-31 

0-17 

17-60 

9*03 

18*0 

1 18*6 1 


20*2 

L. 

1 1-46 


24*00 

12*65 

19*6 

1 23-8 


26*6 

Ml 

4-60 

0-08 


3*70 

2-8 


3*5 

6*3 

M, 

8-70 


14*00 

10*00 

12-6 

1 13*0 

13*6 

14*7 

M, 

2-9 

MO 

36*6 

31*60 


33*5 

31*5 

38*5 

M4 

2-6 

4*38 

86*0 

86*00 

1 


97*0 

90*0 

98*5 


lij SUB-FRACTIONS OF HFDkOGEN CLAi: ^7 



n, e. rMe^OH per loog. c; Col lo’»d — ^ 

Fio. 4. Titration curves with NaOH of sub-fractions of hydrogen clay isolated from the 

Akola soil 

In Table VIT the observed total acids of L and M have been compared 
with their total acids calculated from those of the sub-fractions and the per- 
centages of these sub-fra(;tions in the entire clays. 

Table VII 

T(M (icida of entire hydrogen clays calculated from their titration curves and 

frem those of their sub-fractions 


I Total acid (at jpH 7*0) in ni. o. base pc'r 100 gm. colloid using 


Hydrogen clay | 

NaOH 

Ba(OH)2 

Ca(OH)5j 


Observed Calculated 

Observed 

1 Calculated 

' 

Observed * Calculated 

L 

M 

6-3 ! 9*9 

j 00*0 j 670 

no 

I 790 

i 1 

1 I 

190 

75-2 

19-5 i 21-3 

87-0 ! 77.0 
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The observed and calculated values show a fair agreement ignoring tlie 
total acids of L with NaOH and of M Avith Ca(OH) 2 . 

(c) Form of titration carves , — Previous work from this laboratory has 
dealt witli the titration curves of hydrogen clays obtained from entire clay 
fractions [Mitra, 1936, 1940 ; Mukherjee, Mitra and Mukherjee, 1937], A 
cjoinparison of the titration curves of sub-fractions of hydrogen clay obtained 
from the same soil may afford useful information regarding the nature of the 
reactive acidic material present in the different fractions. Such comparative 
studies have not been previously made. 

The NaOH curves of 1^2 1^3 ® ^ similar to one 

another and to that of L obtained from the entire (Jay fraction. This is also 
true of Mj, Mg, M., and M given in Fig. 4. 'J'his similarity suggests that 
the same acid is being titrated iji the ditterent sub-fractious. This (K)nclusion, 
however, does not apparently harmonize (further discussed later) with their 
markedly different chemical compositions given in Tables III and IV. 



M. 0. per loog Colloid — > 

Fio. 5. Titration curves with Ba{OH)* of tlji^ entire hydrogen clay and its sub-fraetiom 

isolated from the Akola soil 
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The NaOH eurvea all have an apparent weak iiioDobasic aeid (;luuacter. 
Table VI n. allows the at tlieir inflexion jioints and the aiipareiit dissocia- 
tion oonstante calculated from the pH’s at half neutralization. 

Table VIIl 


\yH at inflexion and dissociation constants of hydrogen clays 


801 

1 

1 

1 pH. Ill 

(M 

half 

(== pK) at j 
iKHitmlizHtioi) j 

1 




821 


1 

7*41 


10 8 

L, 

8' 10 


7- 13 

7* 10 


10 8 

h. 

8-00 


(r07 

1 *07 


10 7 

Ic. 

8 03 


0 -lH) 

1 ■ 10 


10 7 

M 

7 • 40 


l )-20 

i;*3i 

X. 

10 7 

M, 

7*10 

i 

(>•50 

2*75 

X 

1 0-7 

M, 

7*63 

! 

0*66 1 

2-20 

X 

10-7 

M, 

7-60 


6-26 ' 

5*50 

X 

10-7 

M 4 

7-00 


5-56 : 

2*75 

X 

10 • 


The inflexion points in the titration curves of L, Lj, and Lg occur within 
a narrow range of pH (8-00-8-21) and the dissociation constants calculated 
from the curves are in fair agreement. With M, Mi, Mg, Mg and M4 the 
inflexion points are located within a wider range of pH (7 (»0 — 7 -63) though 
the agreement between the dissociation constants is not unsatisfactory ex- 
cepting the finest fraction (M4) whose dissociation csmstant is ten times that 
of the coarsest. The dissociation constant has a f endency to increase with 
diminishing particle size. This is true of the sub-fractions obtained from 
either soil. 

The buffer capacity curves of the various sub-fractions obtained on 
plotting the buffer capacity, fi (8=Ap/;^pH) against the amount of the base 
(NaOH) added show definite maxima. In Table IX tlie maximum buffer 
capacities (3 max.) of the various sub-fractions, as also tiie pH and the per- 
centage neutralization at maximum buffer capacity, have been compared. 

Table I.\ 

Maximum buffer capacity, and pH and per cent neutralization at m^aximuni. 



buffer capacity 

0 / hydrogen clays 


80I 

P max. 

^Htilfjjuax, IViM 

fci 1 1 ; 1 it' utralizH li < ai 
at p max. 

bl 

5-8 

7-45 

09* 0 

Lg 

11 0 

7*20 

02*5 

Ljj 

lllO 

7*50 

79* 1 

L 

10*5 

7*30 

04 * 0 

M, 

50 

0-08 

05*7 

M-a 

10-5 

0 00 

71 4 

Ms 

26* 0 ; 

0-70 

71*2 

Ma 

66- 0 : 

5-03 

00 * 

M 

50 0 

0*45 

(16 * 0 
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M.e. C^XOH)^ per »oo^ Colloid' 

Fig. 6. Titration ourves with Ca(OH)| of the entire hydrogen dlay and its sub- 
fractions isolated from the Akola soU 

The finer the fraction, the higher is p max. Witii Lj, Lg, Lj and L, p 
max. occurs within a small range of pH. This is also true of M j, Mg, Mg and 
M. p max. of Mg, however, occurs at a mucdi lower pH compared with the 
other hydrogen clays. It is to be notetl that p max. in no case corresponds 
to 60 per cent neutralization as would be expected in the case of a dissolved 
weak acid. It occurs at a higher stage of neutralization (60 to 80 per cent). 
Evidently, the interaction of the hydrogen clays with the base is not a 
simple neutralization of H+ by OH~ ions. It is complicated by other factors 
[Mukherjee, Mitra and Mukherjee, 1937.] 

The Ba(OH )2 ourves of Lj, Lg, Lg and L given in Fig. 2 are not all quite 
similar. Those of Lj and Lg have an apparent weak acid character. L and L , 
on the other hand, behave as strong acids. The dissociation constant calculated 
from the pH at half neutralization is 6-7 x 10“’ for Lj and 6- 5 x 10“* for 
Lg. The finer fraction thus behaves as a stronger acid. 

The Ca(OH)g ourves of L, Lg and Lg have the same form which is 
dilferent from that of sol Lg (Fig. 3). 

The Ba(OH )2 and Ca(OH )2 curves of Mi, Mg, Mg, Mg and M given in 
Figs. 6 and 6 show a general similarity of form. Those of M, Mg, Mg and 
Mg present one peculiar feature, viz. that on the first addition of the base, the 
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pH of the sol instead of increasing or remaining constant shows a definite 
decrease. This is specially marked with the baryta curves of the finer frac- 
tions. Acid appears to be liberated as a result of the interaction between the 
sol and the base, a result which is foreign to classical principles of acid-base 
interactions. An explanation of the observation is deferred pending com- 
pletion of further investigations now in progress. 

{d) Total acidity j)er gramme ami per sq. cm. of surface . — The increase 
in the total acid with diminishing particle size (Table VJ) may be referred to an 
increase in the specific surface and hence to a greater number of exchange 
spots in a given area. In Table X the total acids of the sub-fractions from the 
black soil calculated per gramme (Tg) and per sq. crn. of the surface (Tg) have 
been compared. 

Table X 


Specific surface and 6. e. c, per gm, and per sq. cm. of surface of hydrogen clays 


Hydrogen clay 

Average ep. Rurface 
in Bq. cm X 10* 

1 

Total acid in ni. e. NaOH at inflexion point 

ppr giT>. (Tg) 

per sq. cm x 10’ (Ts) 

1 

M, 

1 

j 

i 18-5 

0-038 

20-5 

M, 

6((f> 

0-140 

i 

21-0 

M, 

120-0 

0-365 

i 

30*0 

M. 1 

! 

>160-0 : 

1 

0-860 

i 

<65*0 


It will be seen that Tg does not show any marked or regular variation with 
the particle size* though Tg rapidly increases as the latter decreases. 


General discussion 

The variations in the total acid per gramme with tlie particle size may 
arise from variations in the nature of the reactive material making up the 
various fractions as the differences in chemical composition would also suggest. 
The similarity in the form of the titration curves of the different fractions, 
specially the NaOH curves, and the fair agreement between the values of 
the dissociation constant calculatc/d from them, on the other hand, indicate 
that the active acidic material present in the different fractions is essentially 
the same. Considered in this light the variations in the total acid (per 
gramme) and chemical composition may be due to varying admixtures of 
* free ’ silica and sesquioxides having negligible base-combining capacity in 
the different fractions. The differences in composition might also arise from 
isomorphous replacements [Marshall, 1935] within the lattice of the con- 
stituent minerals and/or differences in relative proportions of several types of 

* Variations in Ts have been observed using sub-fractions from other soils. These 
f^ll be diseiissed in the next paper of this series 
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olay minerals in the different fractions but these would probably give rise to 
more marked variations in the form of the titration curves than observed in 
this work. 


Summary 

The variations in chemical composition, form of titration curves with 
bases and the base exchange capacities (b.e.c.) calculated from these curves 
of hydrogen clays prepared from three and four sub-fractions respectively of 
the entire olay fraction of a red lateritic soil from Dacca (Bengal) and a black 
soil from Akola (Central Provinces) have been studied. As the particle size 
decreases, the percentage of ALOj increases but that of SiOg and FejO., 
diminishes as also the silica-sesquioxide ratio. The b. e. e. and the amount 
of free H+ ions calculated per gramme rapidly increase with diminishing 
particle size but calculated per square centimetre of the external surface, 
the b. e. c. shows no marked or regular variation. The different sub-fractions 
j)repared from the same soil give nearly the same type of titration curves. 
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T he inorganic colloidal material of soil, besides containing Si, A1 and Fe 
in a combined form making up its mineral constituents proper, is often 
associated with varying amounts of free oxides of these elements. The 
role of these free oxides in determining the base exchange and other 
proj)erties of the soil colloidal material is not very well understood. A 
systematic study has been undertaken of the changes in properties 
of hydrogen clays consequent on the removal of the free oxides con- 
tained in them. The methods usually used for this purpose are not 
always free from the criticism that they may decompose, or, alter the proper- 
ties of the clay minerals and may not effect a complete separation of the oxides. 
In spite of these limitations it is of interest to examine the changes brought 
about by such separations. The present paper deals with changes consequent 
on treatments according to the methods of Tamm [1922], Mattson [1931], and 
Drosdoff and Truog [1935] for the removal of the free oxides. The following 
properties have been studied : {%) chemical composition, (n) the form of 
{>otentiometrio titration curves wth bases and {tit) the base exchange capacity 
calculated from these oxirves. The hydrogen clays used are listed on the next 
page. Further results will be reported in subsequent papers of this series. 

Expetitmektal 

(a) Separation of the free inorganic oxides. — ^Tamm uses a solution of 
acid ammonium oxalate having a 2*32. In Mattson’s method which is 
used for the separation of the free sesquioxides only the clay is treated with a 
hot saturated solution of aluminium chloride. In the method of Drosdoff 
and Truog, free silica and alumina are first removed by digestion at 7()°C., with 
2 per cent solution of sodium carbonate. The free ferric oxide is then removed 
as iron sulphide which is formed on passing HgS gas through an aqueous sus- 
pension of the clay. 

•The results given in this paper have been taken from the published Annual Reports 
for 1935-36, 1936-37 and 1938-39 on tlu working of a scheme of research financed by the 
Imperial Council of Agricultural Research, India. 

fSenior Assistant Boil Chemist under the above scheme 
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Reference No. 

of hydrogen SiO,/R»0» ra- ■ Lab. No. and description of soil from ^jich hydro- 
clay tio of hydro- : gen clay was obtained 

(before removal gen clay 
of free oxides) 


F 

1 • 94 

land acid soil from Government Farm, Burdwan 
(Bengal) collected at a depth of 0 — 6 inches 
from Block B, Plot No* 40. Lab. No. 14 

1 

2 ‘50 

I 

Neutral calcareous soil from Satara district 
(Bombay) collected at a depth of 0 — 6 inches. 
Lab. No. 25 

K 

2-64 

Neutral black soil from Biiaspur xiear Baipur (C. P.) 
collected at a depth of 0 — 6 inches. Lab. No. 32 

L 

! 1-99 

Bed lateritic soil from Government Farm at Dacca 
(Bengal) collected at a depth of 0 — 6 inches. Lab. 
No. 22 

N 

1-88 

i 

Bhata red laterite soil from 0. P. collected at a depth 
of 0 — 9 inches. Lab. No. 33 


(b) Preparation of hydrogen clays . — Hydrogen clays were prepared from 
the entire clay fractions (before and after removal of their free oxides) by 
leaching them with 0-02 jV hydrochloric add. In the sequel, the subscripte a, 
b and c to the reference numbers of hydrogen clays have been used to denote 
those prepared after removal of the free oxides by the methods of Mattson, 
Tamm, and Drosdoff and Truog respectively. 

(c) Chemical ancdysis . — ^The percentages of SiO„ A1,0, and Fe,Oj in the 
hydrogen clays have been determined after fusion with sodium carbonate 
[Wright, 1937]. 

(d) Electrometric titration of hydrogen clays . — Details of procedure adopted 
for this work have been described elsewhere [Mukherjee et al., 1936 ; Mitra 
1936, 1940]. Hydrogen and glass electrodes were used. 

Results 

A. Hydrogen clays prepared from the Burdwan Farm soil {Lab. No. 14) 

The free oxides were removed by Tamm’s method. Figs. 1 and 2 
give the titration curves with bases. The base exchange capacities'* (b.e.o.) 
calculated from the curves are given in Table I and the results of fusion 
analysis in Table II, 

Table I 


Base exchange capacities of hydrogen clay from Burdwan soil before and after 

removal of free oxides 


Hydrogen clay 

Base used for titration 

pH at inflexion 

B.e.c. in m.e. base per 
100 gm. colloid at in- 
flexion point of tit- 
ration curve 

F . . . 

NaOH . 

6- 15 ; 7-86 

9*0; 31*6 


Ba (OH), 

7*0 

31 0 


NaOH . 

4-7 ; 7 2 

3 0; 25 *0 


Ba (OH), 

60;6-2 

7*5; 25-0 


Ca (OH), 

6-2 

26* 0 


* Reproducible to within±2’ 6 per cent 
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Table II 

Chemical composition of hydrogen clay from Burdwm soil before and after 

removal of free oxides 


Hydrogen clay 

SiOg 
fier cent 

ALPs 

! per cent 

i 

Ff.O, 
per cent 

1 

SiOj/AljOj 
i (molar) 

1 

i 

SiOj/RjO. 

(molar) 

F . . . 

49-2 

i 

29-2 1 

i 

1 21-4 

1 

1 ! 

2*85 1 

I 1 • 94 

Fb . 

j 51*5 

30-9 

17-4 

j 2-82 

! 2*01 

i 



n. e, bfc.5C p«' ioo<]. Colloid - 

Fig. 1. Titration curves of hydrogen clay from Burdwan soil before rt moval of free 

oxides 

The changes consequent on the removal of the free oxides niay be summed 
up as follows : 

1. Chemical composition .... SiOj -AlgOj Fc^Oj 

(per cent) (fier cent) (per cent) 
Fb>F Fb>F Fb<F 

2. Base exchange capacity . Fb < F 

3. Form of titration curves . , . The cnrv< s of Fb show a wi akt r initial liuffcr 

action than thoBC of F ; the Ba(OH )j 
curve of Fb shows a dibasic acid charact^ 
not observed witli F 
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M.e. b7i.se per looc^ Colloid — ► 

FlO. 2. Titration curves of hydrogen clay from Burdwan soil after removal of free 
oxides by Tamm’s m^^thod 

The alterations in chemical composition and the form of the titration 
curves point to a definite change in the hydrogen clay as a result of the treat- 
ment. The decrease in the b.e.c. suggests that this treatment brings about a 
decomposition of the exchange complex ; an increase would have been observed 
if only free oxides having little or no base combining capacity had been 
removed 

B, Hydrogen chys prepared from the black cotton soil from Satara (Lab. No. 25) 
and the bldcJc soil from Raipur (Lab. No. 32) 

The free oxides were removed by the method of Drosdoft* and Truog. 
The base exchange capacities of I and K and their derivatives Ic and Ke 
calculated from the titration curves have been given in Table III and the 
of fusion analysis in Table IV. All the fonr hydrogen days give the same 
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ty pe of titration curve with any given base. Tlie titration curves of Jc only 
are given in Fig. 3. 



Fig. 3. Titration curves of hydrogen clay from the Satarasoil after removal of free 
oxides by Diosdoff and Tniog’s method 

Table III 


Base exchange capacities of hydrogen clays front the Satara and Raipur soils 
before and after removal of free oxides by Drosdoff and Truogs method 


Hydrogen clay 

1 pH at inflexion 
Base used for point in the 

titration titration 

ciirvt* i 

1 

1 

in iii.e. b 
oven-drir 

At inflexion 
|)oiji t 

aito per 100 gm. 
'(1 (U)lloid 

At pH 7*0 

I 

NaOH 8 05 

90-0 

j 78-0 


Ba(OH)j 7 00 

82-0 

! 82-0 


Ca(OH)j 0 05 

90 • 0 

97 • 0 

lo . . . 

NaOH 8- 10 

86-0 

74-0 


Ba(OH)j 7-60 

91 • 0 

85-0 


Ca(OH), 6- 60 

80*0 

91-0 

K . . 

NaOH 7- 16 

68 • 0 

67 * 0 


Ba(OH)j 5-80 

55-0 

61 • 0 


Ca{OH)8 5-20 

58-0 

67*0 

Ko . . . 

NaOH 810 

07 * 5 

60*0 


Ba(OH)2 5-75 

56-0 

62*0 


Ca(OH)j 5-78 

03 0 

68*0 
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Table IV 


Chemical compositions of hydrogm clays from the Satara and Raipur soils 
before and after removal of free ooddes 


Hydrogen clay 

SiOj 
per cent 

j 

I ALOa 

per cent 

j 

j 

1 per cent 

1 1 

1 

! 

SiO*/R,08 

(molar) 

SiOj/AljO, 

(molar) 

I . . . 

.55*03 

24*20 

QO 

0 

2*50 

3*87 

Ic . 

55*95 

24*67 

1 

18*71 

2*64 

3*72 

K . . . 

65*93 

28*03 

j 

14*80 

2*54 

3*40 

Kc . 

58*30 

26*90 

1 

j 

15*80 

2*66 

3*65 

i 


The changes consequent on the treatment are summed up in the chart 
given on the next page. 

If the alterations in chemical 0 , 0 m position merely indicated a removal of 
free oxides which are considered to have little base combining power, an in- 
crease in the b.e.c. would be expected. The b.e.c. of the Satara hydrogen clay 
actually shows a slight decrease* which probably indicates that a decomposi- 
tion of the exchange complex is responsible for the variation in chemical com- 
j^>osition. The b.e.c. of the other hydrogen clay remains practically unaltered 
and in order to reconcile this result with the small but definite variation 
in the chemical composition, it has to be assumed that the substances 
removed by the treatment were not ‘ inert they had, mass for mass, nearly 
the same b.e.c. as the original hydrogen clay. 

C. Hydrogen clays prepared from the Bhata laterite soil (Lab, No. 33) and the red 
lateritic soil from Dacca (Lab. No. 22) 

Laterite soils usually contain free sesquioxides. Mattson’s method was 
therefore used in the case of the above two hydrogen clays. 

The b.e.c. s of L and N and their derivatives La and Na are given in 
Table V and the results of fusion analysis in Table VI. Figs. 4 and 5 show 
the titration curves of L and La . The titration curves of the other two hydro- 
gen clays are similar to those of L and have been omitted. 

*Except for the slight increaBo in the b.e.c. at pH 7 • 0 with Ba{OH)« ; this iacreose, 
bowever, is almost within the limits of experimental error (±2*5 per cent) 
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n. e. bttse per loog Collotd ► 

Fia. 4. Titration curves of hydrogen clay from Dacca soil before removal of free 

oxides 
Table V 

B.e,c. in mx. base per 100 gm, of hydrogen clays from Dacca and Bhata soils 
before and after removal of free oxides by Mattson^ s method 


Base used 


Hydrogen | 
clay 

NaOH 

L. . 

1 i 

Ba(OH), j 

Ca(OH), 

At inflexion 
point 

At pH 7-0 

1 

1 At inflex- 
1 ion point 

At pH 7-0 

At inflex- 1 
ion point 

• 

AtpH70 

L . 

I 16 25 

6-3 

17-5 

170 

190 

19-5 

La , 

7*; 6-0** 1 

6-8 

8-5 

9*0 

11*5 

110 

N . 

18' 

11-3 

19-0 

10-0 

2)-6 

21-8 

Na . 

1 

11 i 

7*5 

15-3 

1 

15-3 

j 17'6 

180 


^Calculated from tiie first inflexion point 
♦♦Calculated from the second inflexion point 
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M. e. base per lOOg. Colloid ^ 

liQ. 6. Titration curves of hydrogen clay from Dacca soil after removal of free 
oxides by Mattson's method 

Table VJ 

emical compositions of hydrogen clays from Dacca and Bhata soils before and 


Hydrogen olay 

SiO, (per cent) 

AI 2 O 3 (per cent) 

FogOg (per cent) 

L , 

La . 

6 D 2 

36 - 0 

120 


60- 0 

38-8 i 

10- 1 

Ha . 

42-6 

3-70 i 

64-2 


42-0 

4-60 i 

i 

63’4 
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The percentage of siKca and ferric oxide decreases as a result of the treat- 
ment, while that of alumina increases. The b.e.c. of both L and N decreases. 
If only free sesquioxides having negligible b.e.c. were removed, an increase in 
the b.e.c. would have been observed. The treatment also brings about a 
material change in the form of the NaOH curve of L. While L behaves as a 
weak monobasic acid judging from this curve, its derivative La shows a 
dibasic acid character. 

Attention may finally be drawn to one general feature observed with all 
the hydrogen clays both before and after the treatments for the removal of 
their free oxides. At any given pH, the slopes of their titration curves with 
different bases are usually arranged in the order NaOH>Ba(OH) 2 >Ca(OH )2 
which shows that these three bases react with the hydrogen clays in the re- 
verse order. This difference in the relative effects of the three bases illustrates 
what has been designated by us as an irregular or specific cation effect. It 
has been fully discussed elsewhere [Mitra, 1936, 1940 ; Mukherjee, Mitra and 
Mukherjee, 1937]. 

Summary 

A study has been made of the effect of treatments aiming at the removal 
of free silica and sesquioxides contained in hydrogen clays on their chemical 
composition, nature of titration curves with bases and base exchange capacities 
(b.e.c.). Hydrogen clays prepared from the entire clay fraction of five Indian 
soils have been used and the methods of Tamm, Drosdoff and Truog, and 
Mattson were employed for the removal of the free oxides, Tamm's method 
gives rise to a decrease in the b.e.c. of a hydrogen clay from a Biirdwan (Bengal) 
soil. The chemical composition and the form of the titration curves are also 
materially altered indicating, on the whole, a decomposition of the exchange 
complex as a result of the treatment. Practically no change occurs in the 
b.e.c. and the nature of the titration curves of hydrogen clays from two black 
cotton soils using the method of Drosdoff' and Truog. Slight changes in the 
chemical composition are, however, observed. Mattson’s method gives rise 
to a marked decrease in the b.e.c. of hydrogen clays from a red lateritio soil 
from Dacca (Bengal) and a red laterite soil from the Central Provinces. 
The form of the titration curve with caustic soda of the hydrogen clay from 
the Dacca soil is also altered. 
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III. SOIL TYPES AT DOONAGIRI 
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T he soil survey work reported by ns for Olianbattia in the first two parts 
of tliis series of publication has also been extended to other f)arts of 
Kumaiin, and in tlie [n’esent |>aper a consolidated ataM)unt of the soil types 
found at Doonagiri is discussed. The technique of our survey and the niethods 
involved have already been described in detail in the previous paj)ers, and in 
the present instance only a bare outline of these will be ^dven. 

Doonagiri lies north of Chaul>attia at a distance of 1(> miles as the crow 
flies. The parent material of the soils is 2)hyllite ; granite gneiss has been 
found at only a few phmes. Altliough a large number of soils studied by us 
are clayey, due to high content of organic matter, tlie soils, however, are not 
indui'ated. The general forest flora of the locality is very miu‘h similar to 
those of (Olianbattia. Average rainfall is over 60 inches a year. kSituated 
further interior into the hills, and lacing a little higher, tlie climate of Doona- 
giri is slightly cooler and comparatively more humid tJian that of (liaubattia. 

The estate was deforested in about 1867 and ]>lanted to tea. After about 
20 years due to traUvSport and other difficulties the jilantation was aban- 
doned, and no attempt has since been made to rehabilitate the area. 

Literature 

Information on hill soils is very scanty and the literature sufliers from 
Scarcity of data. The present position of the w ork on hill soils was summarized 
in the two foregoing papers of this series [Mukerji and Das, 1940 ; 1941], and 
no attempt has, therefore, been made liere to review the literature. 

The importance of the clay fraction in soil characterization w as show n by 
Robinson [1930] for certain profiles of north Wales. Vbirious authors have 
since utilized this method for the classification of soil profiles studied by them. 
Recently Mukerji and Das [1940 ; 1941] in their studie.s On hill soils have shown 
the useiulness of determining the precise characteristics of 

soil types in the Himalayan foot-hills in the United Provinces. 
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Analytioal mbthods 

CUty 

International pipette method was used for the determination ol clay 
content of soils. After preliminary treatment with hydrogen peroxide and 
hydrochloric acid, dispersion was brought about by ammonia. 

Organic carbon 

Walkley and Black’s method [1934] was used for this determination. 
pH 

pH. values were determined by means of quinhydrone electrode. 
Sesquioxides 

For the determination of sesquioxides, HCl digestion was done according 
to the method of Agricultural Education Association. 

Base-saturation 

Barium acetate and ammonium chloride method of Parker [1929] was 
utilized for the determination of exchangeable acidity and base-exchange 
capacity in the same sample. 

Clay composition 

Robinson’s method [Wright, 1939] was followed, and sesquioxides and 
silica were determined by the usual method for estimating silicates. 

Data and discussions 

A large number of soil profiles were examined at Doonagiri, and in the 
succeeding pages a critical account of six profiles typical of the area will be 
given. It has been shown in the previous two papers of this series that silica- 
sesquioxide ratios together with the figures for percentage base-saturation 
give more or less an accurate idea of the local soil types. These data will, 
therefore, be examined for all the profiles studied along with such other 
relevant data as necessary. 

Pit No. 2 : Doodhvtoli 

Horizon Depth Description 

I . . 0-1 ft. 3 in. . Grey ; granular ; loamy with a slightly brown- 

ish tinge. Dark grey when wet 

II • .1ft. 3 in. -2 ft. Sin. Same as above; particles more granular; 

appear to contain more organic matter than 
above 

III - • 2 ft. 3 in. -4 ft. 6 in. Organic; dayey loam; dark grey. Colour 

same as of the second horizon 



11 ] 


STUDIES m KUMAUN HILL SOILS, III 


315 


Table I 

Summarized analytical data of Doonagiri soils 
(Pit No. 2) 


Hori- 

Per cent (air-dry basis) 



2 on 

Clay 

Organic 

carbon 

Total 

nitrogen 

re,0. 

A1,0, 

C/N 

pH 

I 

! 

23 *35 

3-9 

0*23 

6-69 

1 

8*97 

16*96 

6*2 

n 

21 *75 j 

7*6 

0--26 

8-32 j 

8-10 

30 -40 

6*8 

m 

30 *50 

i 

6 ‘8 

0-20 

8-48 

7-67 

29 *00 

6-5 

The general character of the profile is organic, and Wiesenboden charac 


teristics are revealed in C/N ratios. Clay content of different horizons, and 
sesquioxide distributions are rather erratic. The conijxjsition of clay frac- 
tion and base-saturation percentages of different horizons are given in Table 


Table II 

Clay analysis of Doonagiri soils 
(Pit No. 2) 



per cent (air- dry basis) 

SiO, 

Exchange- 

able 

Per cent 
base- 

Horizon 

...... 

SiOj 

Al.O, 


^ 

K2C3 

li (m. e. 
per cent 
on air-dry 
basis) 

satura- 

tion 

i 

I 1 

44*48 

19-88 

15*97 

2*51 

4*21 i 

75 *56 

II 1 

43 *90 

20 -93 : 

16*77 j 

2 *35 , 

7 *25 

54 *69 

HI 1 

I 

j 

43 *20^ 

26 -23 

16*37 

1 

! i 

2*00 

i 

8*70 

54*69 


These figures, particularly eluviation of AljOg and constancy of FegCj in 
the profile, indicate that the third horizon is not of the same age as the first 
two, and can be classified as a brown forest soil having podsolic tendencies. 

Pit No. 3 : Doodhatoli 


Horizon 

Depth 

Description 


1 

. 0-11 in. 

Grey ; granular ; loamy ; dark grey 
wet 

when 

n . 

. 11 in.-l ft. 10 in. 

Dark grey ; clayey ; loamy ; very dark 
when wet 

grey 

Ill . 

. 1 ft. 10 in.-4ft. . 

Dark grey ; graimlai* ; loamy ; very dark 
when wet 

grey 
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Table III 

Summarized analytical data of Doonagiri soil 


(Pit No. 3) 


1 

Hori- 

Per cent (air-dry basis) 



aon 

Clay 

Organic 

carbon 

Total 

nitrogen 

Fe,0, 

AI 1 O 3 

C/N 

j 

pH 

I 

24 -46 

6-5 

0*30 

4*95 

13*07 

18*33 

6*0 

II 

29 -25 

6-4 

0-23 

8*24 

10 *49 

27 *83 

6*7 

III 

22 -50 

4-8 1 

___ 1 

0-14 

8*80 i 

[ ‘ 

13*36 

34*29 

5*9 


The predominant character of the entire profile is its organic matter con- 
tent, and C/N ratio increases with depth. In thi.s re8j)ect the pedological 
characters of the two profiles examined at Doodhatoli are alike. Clay content 
and pH values are rather erratic. Clay analysis figures of this profile and base 
status are given in Table IV. 

Table IV 

Clay analysis and exchangeable bases of Doonagiri soils 


Horizon 

(Pit No. 3) 

Per cent (air-diy basis) 

SiOj AljO, ! FejO, 

1 ! 

SiOa 



Excliango- 
able H (m. 
e. per cent 
on air- dry 
basis) 

Per cent 
base- 
satura* 
tion 

I 

45*74 

18*23 

15*57 

j 

I 2*75 ^ 

7*98 

1 66 -33 

II 

43*86 

25 -43 

15*97 

2*10 

7 *25 

; 60-39 

III 

42 *08 

27-63 

17 *97 

1 *82 

5*80 

i 67 -78 


It follows from figures given above that the second and third horizons 
show' some of the ty pical characters of the brown forest soils having Wiesen- 
boden podsobc tendencies. The first horizon, however, does not appear to 
be ofthe same age. A, few more profiles were examined in this area and in 
visual characters they were found to be similar to pit Nos. 2 and 3. 

Pit No. 5 : Dadoi 


Horizon 

Depth 

Description 

I 

0-10 in. 

Grey ; granular ; loamy ; dark grey when wet 

II 

10 in.-l ft. 5 in. 

Grey with a slightly brownish tinge ; loamy ; contains 
more clay than the top ; more grey when wet 

m 

1 ft. 6 in.-3 ft. 

Brownish ; granular ; clayey loam ; more brown when wet 
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Table V 


Summarized analytical data of JJoonagiri soilfs 

(Pit No. 5) 


Hori- 


Per cent (air-dry basis) 




zon 

Clay 

Organic 

carbon 

Total 

nitrogen 


A],0, 

C/N 

pH 

I 

25 -40 

2 -81 

0*18 

5 -35 

_ . 

13-63 



15 -61 

6 0 

II 

32 ‘85 

1 *9 

0-15 

1 

8-32 

8-39 

12-62 

1 6-6 

III 

36 -60 

1 *4 

' 0-08 

L 

8-48 

10-28 

17 -50 

i 

i 5-4 

1 . 


It is clear from the above descri!)tion and analytical data that these pro- 
files are heavy brown forest soils, undisturbed by terracing operations, and 
not very much affected by surface erosion. Tlie composition of the clay frac- 
tions, as given in Table VI , indicates the real nature of the profile. 

Table VI 


Clay analysis and exchangeable bases of Doonagiri soils 

(Pit No. 5) 


1 

Horizon 

Per cent (air-dry basis) 

1 SiOy AI2O3 I Ff^Op 

1 ' ' 

.SiOa 

K^O, 

Fxcluiiigf'- 
able H (m. 
e. |.)or cent 
air- dry 
basis) 

Per cent 
baso- 
satiira- 
tion 

I 

1 

i 

i 43 -50 

t 

20-63 : 15-57 

1 

1 -86 

2-18 1 

86-41 

11 

I 

46 -26 

26-93 ! 14-77 

1 2 -16 

i 4-35 

74-71 

III 

47 -60 

; 25-03 ; 13-57 

i 2-40 

t 

9 -43 

36-32 


Although there is a slight indication of eluviation of silica, exchange 
acidity and percentage base-saturation figures clearly bring out the brown 
forest soil characteristics of the profile, i'hc silicions material of the second 
and third horizons has sometimes been ascribed to colloidal SiO^ of the parent 
material. It is suggested that the excess of silica in the second and third 
horizons of most of our soils is due to capillary ascendance f)f silica soil from 
the lower layers. ^ 

Pit No. 7 : Khalkhet 

Horizon Depth D(\soripiion 

I 0*6 in. . . , Grey ; granular ; loamy sand with a slightly brownish 

tinge with soini^ clay ; dark grey wlien wet 
II 6 in.-l ft. 6 in. . Same as above, but contains more clay 

HI 1 ft, 6m,-2ft. 6 in. 

and below, . Brownish grey ; more granular, heavy loam 
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Table VII 


Summarized analyticcU data on Doonagiri soils 
(Pit No. 7) 



Per cent (air-dry basis) 



Hori- 

zon 

Clay 

Organic 

carbon 

Total 

nitrogen 

Fe,0, 

AljOg 

C/N 

pH 

I 

13-25 

6-4 

0-22 

7-19 

7 '23 

29-09 

6-2 

II 

i 

37 -60 

4-2 

0-15 

8 *88 

8-29 

28-00 

6-0 

III 1 

1 

36 •25 j 

1 

4-6 

0-14 

10 -08 

9-19 

32-86 

6-8 


The first 6 in. of the profile have been impoverished of its finer material 
presumably by erosion. In all other essential characters, these profiles resem- 
ble brown forest soils. The essential brown forest characters of the profile are 
brought out more clearly from the clay analysis figures given in Table VIII. 

Table VIII 

Clay analysis and exchangeable bases of Doonagiri soils 

(Pit No. 7) 


i 

! 

1 

Per cent (air-dry basis) 

SiOs 

i 

lExchange- 
iable H (m. 

1 Per cent 
! base- 

Horizon 

SiOj 

i ' 

AlgOg 


HgOg 

j 0. per cent 
! on air-dry 
j basis) 

1 

satura- 

tion 

I 

i 

47 -22 

27 *43 

14*37 

2-20 

!“ ‘ 

5*08 

70-15 

II 

' 45*16 

28 *03 

15*17 

2 '03 

4*35 i 

72-98 

III 

44 -90 I 

1 ] 

28*43 

j 

14*77 

2-01 

J 

7*25 

59 -28 


Wliereas the character and composition of exchangeable bases resemble 
those of brown forest soils, a slight podsolic tendency is indicated by the drop 
in ratios. 

Pit No. 6 : Khalkhet {Lower level of southern highlands) 

Horizon Depth Description 

I 0-6 in. . . . Greyish brown ; loam containing undooomposed organic 

matter ; more brown when wet 

II 6 in.-l ft. in. . Yellowish brown ; heavy loam ; more brown when wet 

HI 1 ft, 6 in--2 ft. 6 in. Reddish brown ; heavy loam ; deep rod when wet 
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Table IX 

Su'^ffiQ/T%z€^ dTKitytictxt d(zt(i 071 - Doo7V(iQtT% soils 
(Pit No. 7) 


Per cent (air-dry baeis) 


Hori- 

zon 

i 

Clay 

Organic 

carbon 

Total 

nitrogen 

1 Fo,03 

AI 2 O 3 

C/N 

pH 

1 

I ! 

28-95 

2 -7 1 

0-13 

1 4*67 

I 

17 -23 

20 *85 

6*4 

II 

32 *75 

1-0 j 

0-07 

12 -48 

10*24 

14*29 

6*8 

III 

32 *76 

0-8 1 

0-05 

14*96 

14*46 

1 

16-00 1 

5*7 


There is quite an appreciable eluviation of clay : pH values and organic 
carbon percentages resemble those of brown forest soils. We find, however, 
considerable translocation of ferric oxide, which, as is well known, is’a podsolic 
character. 

The results of the clay analysis and data on exchangeable bases are 
presented ih Table X . 

Table X 


Clay analysis and fjcchanyp.atde bases of Doonagiri soils 

(Pit No. C) 


; 

Per cent (air-dry basis) 

SiOa 

■Exchange- 
able H (m. 

Per cent 
baae- 

Horizon ; 

SiOj 

AljOj 


E2O3 

e. per cent 
on air- dry 
basip) 

satura- 

tion 

I 

44 *04 

26 *83 

16*77 

1 *99 

S 8*70 

1 

55 *84 

II 

44 -GO 

24 *03 

15*97 

2 *21 

1 1 -45 

87*50 

III 

40 *62 

21 *34 ! 

20 *76 

1 *99 

1 -46 

i ] 

89*10 


The data given above leave no doubt as to the genetic nature of these 
profiles. There is a very high eluviation of FcjOg, specially from the first to 
the third horizon. The base-exchange figures also indicate podsolic tendency 
in the profile under reference. In view of the constaiK^y of composition of 
SiOj/RjOj ratios this profile may be classified as brown forest soil with podsolic 
tendency. 

The general characters of all the five profiles discussed above show the 
existence of one genetic type of soil formation in this area. A casual observa- 
tion, however, of the hill slopes in this area as well as over the whole of Kumaun 
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shows the presence of a large variety of soils with colours varying from deep 
red to yellow. These soils are often shallow and occupy quite an appreciable 
ax’ea of the Kumaun hills, and are utilized for the growing of grain crops 
or fruit trees. A number of profiles were examined in this area and one 
such profile is described under and summarized analytical data are presented 
in Table XI. 

Pit No. 1 : Kiyari (Western ridge) 

Horizon Doj)tli Description 

I . 0-1 ft. 6 in. . yellowish brown ; loamy sand ; more brown 

wlien wet and sticky. Some decomposing 
platy phyllite> rock present 

Table XI 


Summarized analytical data of Doonagiri soils 
(Pit No. 1) 



Per cent 

(air-dry basis) 


i 


Clay 

Organic 

carbon 

Total 

nitrogen 

I ^2^8 j 

AI2O3 j 

i 

1 C/N 

pH 

16*45 

0*86 

0*03 

8*70 

20 -50 

! 

28 *66 

5*6 


Absence of organic matter and therefore the seat of eluvial activity is 
clearly indicated by both visual observations and by low contents of organic 
carbon and total nitrogen. The figure for the sesquioxides is comparatively 
higher and pE value much lower than what is usual for eluvial horizon in this 
locality. 

Data on clay composition and exchangeable bases are given in Table 

XII. 


Table XII 


Clay composition and exchangeable bases of Doonagiri soils 

(Pit No. 1) 



Per cent (air-dry basis) 

Exchangeable! 
H (m. e. 
per cent 
on air-dry 
basis) 

Per cent 
base- 

saturation 

SiOg 

AljOj 

FejOg 

SiOa 

45 -02 i 

20 -47 i 

20 -73 

2*27 

1 

4*99 

62 *48 
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It is clear from the data presented in Tables XI and XII that the profile 
has some essential characters of lower horizons of pure brown forest soils dis- 
cussed earlier in this section. The predisposing cause leading to the develop- 
ment of these soils is intense surface erosion in the past, but often such condi- 
tions are also brought about by faulty terracing practices. The soils because 
of their acidic nature and peculiar dynamics should be classified as a variety 
of brown forest soils resembling truncated forest soils of Sigrnond’s [1938] 
main tyi>e 4 of soil order 10. Other profiles studied in this area have 
characteristics similar to those described in these pages and cfitn be classified 
into two major genetic groups, viz. brow’^ forest soils and brown forest soils 
with podsolic tendency. 


Discussion 

In the first two parts of this series of papers the possibility of classify- 
ing hill soils according to their developmental characteristics has been clearly 
indicated. In the present instance the same method of soil classification has 
been followed. It has been possible by this method in the present case not 
only to understand the characteristics of hill soils as a class but also the genesis 
of the individual profiles. It is interesting to note that silica/sesquioxide 
ratios of the clay fractions and j)er cent liase-satiiration figures taken together 
supply all the imixirtant data necessary for the classification and characteriza- 
tion of soils in the hills. It is not implied by this that the organic matter con- 
tent, pM and mechanical composition do not offer any valuable assistance in 
the studies of hill soils, but that such determinations have limited importance 
in consequence of the fact that they only confirm the findings arrived at from 
a study of the clay composition and exchangeable bases. 

Doonagiri vsoils belong to the usual brown forest soil type and on the 
average these soils are very much richer in organic matter. Moreover, the 
soils of this locality contain a high proportion of plant nutrients. The largest 
number of successful fruit orchards of these hills are situated on soils formed 
from phyllite rock like that of Doonagiri, a fact that cannot be ascribed to 
chance alone. 

The prevalent colours of most of these soils at Doonagiri are black and 
reddish brown. Soils having the latter colour, as has been indicated above, 
belong to truncated brown forest soil type. Soils having black colour are an 
important study by themselves. It is not, as we find, that the higher content 
of organic carbdn always accounts for the black colour of the soil, but a high 
C/N ratio seems to have some direct bearing on the black colouration. Such 
seems to have been the case with pit No. 2. Soil containing 7*6 per cent of 
organic carbon ap{)ears to be as organic as another soil which contains only 
5*8 per cent organic carbon. Pit No. 3 also shows similar characteristics. 
Profile No. X15 Y15 [Mukerji and Das, 1941] is an analogous case. 

The mean 81021^2^^ ^ fractions of these profiles is 

2*15±0*062. This ratio is well within iimits to be consistent with the 
hypothesis that the primary weathering product of this locality is a mixture 
of hydrated silicates having the general formula RgOa. 2 SiOs- x H^O. Devia- 
tions from absolute value of 2 may have been brought about by eluviation 
and translocation. The usefulness of the silica/sesquioxide and silica/ 
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alumina ratios for determining with certainty the genetic characteristics of 
hill soils wiU be discussed more fully in the subsequent parts of this series of 
publications dealing with the developmental characters of soils derived from 
other rook materials. 


Summary 

The nature of some soils formed at Doonagiri has been discussed. 

Clay composition and per cent base-saturation taken together have been 
found very useful in characterizing these soils. 

Silica/sesquioxide ratio has been found to 1 e 2*16 ± 0-24 and, there- 
fore, the primary weathering product has been .suggested to be a clay having 
the general composition RjOg. 2 SiOj. x H^O. 

The soils of the locality contain large pro})ortion8 of organic matter, and 
surface soils are on the whole highly base-saturated. 

From the general study of the data it is evident that these soils belong to 
brown forest soil group. 
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T he usual method of characterizing soil types in the laboratory is to find 
out the physical and chemical composition of the soil samples, as 
also of the clay fractions. These determinations, however, require long 
time to be earned out. Comparatively little attention has been paid, so 
far, to the determination of the mineral compositions of soils, at any rate 
in India, The presence of great variety of minerals in soils was noted by 
McCaughey and Pry [1913], who reported the results of mineralogical studies 
on the chief soil groups of the United States. They identified optically 34 
different minerals in a great variety of soils and concluded that the minera- 
logical composition of soils varies with the physiographic regions in which 
they occur. Among other workers who have discussed the (‘onstitution of 
soils from mineralogical standpoint are Delage and Lagatu [1904 ; 1905], 
Cayeau [1905], Hendrick and Newlands [1923; 1925 ; 1928], Hart [1935], 
Marshall [1935 ; 1936], Pearson and Truog [1937] and Boniiett [1939]. The 
determination of soil minerals is useful to the study of soils in two different 
ways : — 

(1) In the first place, the content of minerals may indicate the nature of 
the parent material of the soil. 

(2) In the second place, the determination of soil minerals may indi- 
cate the nature of inorganic soil colloids and of plant foods present in the 
soil. Moreover, permanence of fertility in a soil varies with its contents 
of minerals which are still liable to decomposition. A soil having a high 
content of such minerals is, other things being equal, liettor than a soil with 
no mineral reserves [Vageler, 1933]. 

Ill connection with his study on the nature of colloidal minerals of clay, 
Nagelschmidt [1939] has discussed all the important existing methods for 
determining the nature of clay minerals, viz. X-ray, optical, dehydration 
and chemical methods with special regard to their limitations. On the other 
hand, tlie importance of determining iniiierals of microscopic dimensions 
by |;he petrological methods has been pointed out by various workers (for a 
survey of literature see Harrison [1933]). In view^ of the scanty data on the 
mineralogical composition of Indian soils, it was felt desirable to determine 
the minentlogioal compoeitipyi pf jSne sand fractions ol some typical profile 
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samples of red soils collected from different parts of India. The composition 
with respect to the rock-forming minerals of the soil is well represented by 
the fine sand fraction, except for minerals with flaky structure, such as mica, 
which tend to accumulate in the finer fractions. Volk [1933], in studying 
the formation of muscovite in soils, reports quantitative separation of mineral 
groups by means of liquids of different specific gravities. In recent papers, 
Truog and coworkers [1937-38] have sub-divided mineralogical constituent 
of soil by means of specific gravity separation with heavy liquid, such as 
tetra-bromo-ethane and nitro-benzene mixtures. Hendrick and Newlands 
[1923] have obtained good results on the separation of the heavy and light 
fractions of fine sand by bromoform (sp. gr. 2*9). Also by using a mixture 
of bromoform and benzene (sp. gr. 2*66), they separated quartz particles 
from the felspar grains, the sp. gr. of the quartz particles being higher than 
2*66 (middle fraction), whilst that of the felspar particles being less (light 
fraction). 


Expkeimental 

The method of separation of the heavy, middle and light fractions of the 
fine sand, for the mineralogical and microscopical examination was essentially 
that described by Hendrick and Newlands [1923]. The work in the present 
paper can be divided into two sections. In the initial stages of the work 
(§1) the fine sand fractions with which the microscopical determinations 
were carried out, were not estimated quantitatively for the percentages of 
heavy, middle and light fractions. At this stage of the work, the heavy 
and light fractions were separated by shaking with bromoform (sp. gr. 2*9) 
only, but the separated fractions were not weighed. Also the nature of 
minerals on the microscopic slides were only qualitatively determined, but 
they were not counted for determining the percentages of different minerals 
in the slides. 

In the second stage of the work (§11) it was felt desirable to obtain the 
mineralogical data of the soil samples on a quantitative basis. The fine 
sand fractions were accordingly separated into three fractions (heavy, middle 
and light) and their composition separately determined with the help of 
petrological microscope. The percentages of different minerals present in 
the slide were also carefully counted with the help of a graduated cross-wire 
eye-piece micrometer scale. 

Separatio7i of fine sand into heavy and light fractions 

A special separating funnel illustrated in Fig. 1 was uwd to facilitate 
the work and minimize the chances of admixture of the separated minerals. 
The funnel is provided with a stopper closed at one end. The separated 
heavy mineral, therefore, collects in the opening so that by turning out the 
stopper the separation is complete. For actual experiment approximately 
1*6-2 gm. of fine sand, after ignition, were treated with approximately 20 c.c. 
of NjlO oxalic acid and the mixture kept in contact for about 16 hours. By 
t!^ treatment the grain were cleared of ferruginous matter. The supernatant 
liquid was then thrown out and the residue washed 10 times with distfttfed 
water by decantation in a beaker.. The substanoe Was then dried and an 
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accurately weighed portion of it was treated with sufficient quantity of bromo- 
form in the special separating funnel described before. It was necessary 
for the bromoform and the substance to remain in contact with each other 
for a period of not less than three to four hours. The heavy fraction was 
then isolated by turning out the stopper and was transferred to a dry filter 
paper, washed with benzene and dried (heavy fraction). The light fraction 
which was floating on the surface of the bromoform was then filtered through 
a dry filter paper, washed with benzene and dried. This dried substance 
was subsequently treated in the same separating funnel with a mixture of 
bromoform and benzene of sp. gr. 2 • 62. The fraction which settled at the 
bottom of the separating funnel and that which floated on the surface of the 
liquid were collected separately on dried filter papers, washed with benzene 
and dried (middle and light fractions). 



Fia. 1 . Spaeth’s separating apparatus 

(The sample and liquid are placed in the funnel and stirred. The heavy residue collects in a 
eup in the tap : the turning of the tap isolates the residue until the light minerals 

have been remov^od) 

Preparation of microscopic slides 

The separated fine sand fractions were mounted on microscopic slides 
with Canada balsam by following essentially the procedure described by 
Milner 11932]. 

§1. Results and discussion 

The results have been summarized in Table I and, as far as possible, the 
minerals have been written in descending order of abundance. It will be 
found that iron ore minerals (e.g. limonite, magnetite, and haematite), as 
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also quartz and felspar grains, are miiformly present in high oonoentrations 
in all the profiles. 


Table I 

Soil minerals at different localities and the geological formations of those localities 


Locality 

1 

1 Minerals 

Parent materials'^ 

Dacca Farm, 

Bengal 

Iron ore minerals, quartz and felspar grains, 
opidote, hornblende, zircon and chloritic 
minerals 

Old alluvium 4-^ 

Bari, Birbhum, 
Bengal ^ 

Iron ore minerals, quartz and felspar grains, 
epidote, zircon, garnet and chloritic minerals 

Recent deposit +? 

j 

Bidar, Hyderabad 

Iron ore minerals, quartz and felspar grains, 
gtirnet, chloritic minerals, epidote and bio- 
tites 

Basalt+? 

Himayethsagar, 

Hyderabad, 

Deccan 

Iron ore minerals, quartz and felspar grains, 
hornblende, epidote, augite and chloritic 
minerals 

Granite +? 

Tolankheri, Nag- 
pur, C. P. 

Iron ore minerals, quartz and felspar grains, 
epidote, zircon and chlorites and occasionally 
augites and hornblende. Also a few biotites i 

Basalt -f ? 

Chandkhiiri Farm, 
Kaipur, C. P. 

Iron ore minerals, quartz and felspar grains, 
garnet, zircon, chloritic minerals 

Limestone +? 

Alisagar, Hydera- 
bad 

Iron ore minerals, quartz and felspar grains, 
epidote, garnet, augites and a few chloritic 
minerals 

Quartzit€> -f ? 

Kakat, Cannanore, 
Malabar 

Iron ore minerals, quartz and felspar grains, 
epidote, zircon, staurolito and chloritic minerals 

Granite -[ ? 

Puzathi, Canna- 
nore, Malabar 

Iron ore minerals, quartz and felspar grains, 
epidote, augite, zircon and olilorites, occa- 
sionally tourmalines 

Granite +? 

NUgiri Hills, 

Madras pro- 

vince 

Iron ore minerals, quartz and felspar grains, 
epidote, augite, garnet, chlorite, zircon and 
biotite 

Chamolite +? 

Gorantla Hills, 

Guntur, Madras 

Iron ore minerals, quartz and felspar grains, 
epidote, zircon, garnet, hornblende and a 
few staurolites 

Gnmite -f ? 

Stiambhalaguniva, 

Iron ore minerals, quartz and felspar grains, 

Granite +? 

Guntur, Madras 

epidote, zircon, garnet, staurolites and chlo- 
rite, occasionally a few topaz 


Khodappanam 

Kunnu, 

Trivandrum, 

Travancore 

Iron ore minerals, quartz and felspar grains, 
epidote, zircon, garnet, chloritic minerals and 
a few muscovites 

Gneiss +? 

Government Fruit 
Faim, Cape 

Comorin 

Iron ore minerals, quartz and felspar grains, 
epidote, hornblende, zircon, tourmaline and 
chloritic minerals 

Gneiss +? 


* It is likely that the exposed rooky pieces^ which were collected from the places where 
the profiles were taken, constitute a part of the parent material. Hence the sign ‘ t * 
been added. 
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Many of the potash felspars of smaller sizes were turbid with decomposi- 
tion products (kaoliiiization). In almost all the soils the quartz particles 
are characterized by rough angular appearance. Rounded grains are also 
sometimes met with. "Fable I shows that the common ferro- magnesian rock- 
forming minerals are represented by one or more species in all the soils examin- 
ed, one or other being present in preponderating amount. Hornblende 
was present in some cases and that too in small amounts. Chlorite, an altera- 
tion product from the ferro-magnesians was found in most of the soils studied. 
Biotite was occasionally found (e.g. Nilgiri hills). These minerals are of 
resistant nature and they are concentrated in material which has been sub- 
jected to prolonged weathering and has accumulated from a variety of sources. 
Epidote and garnet were frequently found in granular form, whilst tourmaline 
and especially zircon, though sometimes fragmentary, showed crystalline 
forms. 

Iron ore minerals like haematite, lirnonite and magnetite were present 
in all the soils examined. With regard to the percentage of the ferro-silicate 
group of minerals in various soil samples, the soils of basic igneous origin 
were found to be the richest. Tn almost all cases the f)roportion of resistant 
minerals like epidote, garnet, zircon and tourmaline is higher compared with 
the common rock-forming minerals like biotite and hornblende. The latter 
minerals are the potential sources of plant food supply and these are usually 
present in the soils in small amounts, which explains the comparatively little 
unproductivity of these soil types. In a recent paper, Bonnett has 

determined the mineralogieal (K)nstituents of the silt fractions of samples 
from a lateritic soil profile of Puerto Rico and has shown that the constituent 
minerals are hydrated iron oxides, gibbsite, muscovite, secondary quartz 
and serpentine. The accessory minerals, on the other hand, are ; rutile, 
augite, leueoxene, zircon, magnetite, chlorite, sericite, (‘alcite, glass, ande- 
sine, a kaolin-like mineral and traces of talc and epidote. Tlie lateritic soils 
of India studied differ from those of Puerto Rico in that they are mostly 
found to occur on quartzites and granitic rocks except in tlie case of central 
and western and north-eastern parts of peninsular India, where the parent 
material is basalt. The j>arent material of soil type of Puerto Rico is Andesitic 
Tuff. The quartz particles found in su(;h soil types seem to be mainly second- 
ary quartz. 

The presence in almost all the soil types of a large pro})ortioii of iron 
oxides and liighly resistant unweathered minerals such as epidote, zircon, 
tourmaline, etc. suggests tliat the soil has been formed of prolonged chemical 
action which took place prior to present soil-forming processes. The alter- 
native suggestion is that these soils have been subjected to extensive erosion 
and minerals of comparatively low specific gravity have been washed down 
leaving behind minerals of comparatively high specific gravity like epidote, 
zircon, tourmaline, etc. 

§ TI. Mkohanical analyses of soil samples 

c 

The mechanical analyses were carried out by following essentially the 
procedure developed by Robinson [1933]. The data on the percentages of 
coarse sand, fine sand, silt and clay are shown in Table 11. 
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Table II 

Mechanical composition of soil samples 

(Air-dry basis) 


Locality 

Sample 

No. 

Depth 

Coarse 

sand 

(l)er cent) 

Fine 

sand 

(per cent) 

Silt 

(per cent) 

Clay 

(per cent) 



' 81p 

0—1 ft. 6 in. . 

38 0 

21-0 

9*0 

30*1 



82p 

1 ft. 6 m.~2 ft. 8 in. . 

41-0 

17*6 

10*8 

28*6 

Hathwara» Manbhum. 


‘sup 

2 ft. 3 in.— 3 ft. 6 in. . 

34*9 

21*6 

10*8 

31*2 

Bihar 










84p 

8 ft. 6 In.— 4 ft. 11 in. 

84-9 

11-8 

15-9 

88*6 



. SSp 

Below 4 ft. 11 in. 

400 

20*0 

11*2 

28*6 


86p 

Below 80 ft. 

61-6 

17*1 

6*6 

14*7 



r 87p 

0—1 ft. . . . 

22'7 

21*5 

17*2 

87*7 

Butida, Singhbhum, Bihar . 


88p 

1 ft.— 2 ft. 9 in. 

SO-9 

12*0 

18*2 

37*0 



L 89p 

2 ft. 9 in.— 4 ft. 

48‘8 

16*6 

10*4 

19*6 



90p 

0—1 ft. . . . 

23-8 

19*6 

14*9 

37*1 



91p 

1 ft.— 2 ft. 

17-9 

14*6 

16*4 

48*2 

Ratu, Kanclil, Bihar 










92p 

2 ft.— 3 ft. 

26 0 

13-0 

18*2 

44*5 



. 93p 

8 ft.— 4 ft. 

31-3 

11*8 

9*1 

45*8 



94p 

0—1 ft. 11 in. . 

21*4 

32*6 

16*0 

28*8 



95p 

1 ft. 11 In.— 2 ft. 9 in. 

15*7 

21*1 

13*8 

44*6 

Baralota, Baltonganj, 








Bihar 


96p 

2 ft. 9 in.— 4 ft. 

16-9 

16*0 

12'6 

49*0 



L 97p 

4 ft.— 6 ft. 

48-8 

17*1 

19*6 

12*1 



' 98p 

0-1 ft. . . . 

360 

33*8 

14*8 

14*6 

Tangi, Cuttuck, Orisaa 

i 

99p 

1ft.— 2 ft. 

32’1 

27*9 

17*0 

20*0 



.. lOOp 

2 ft.— 4 ft. 

49*1 

20*1 

9*1 

17*6 



lOlp 

0—5 in. . 

28-7 

23*8 

14*6 

31 *0 

Dhaumandal, Cuttuck, Orisaa 

1 









L 102p 

6 in. — 4 ft. 

100 

1 9*0 

7-6 

61*5 

Kapileswar, Bhubaneswar, 

j 

lOSp 

0- 2 ft. 11 in. . 

401 

21*0 

11-6 

26*4 

OrisBii 

1 

L 104p 

2 ft. 11 In.— 4 ft. 

49-0 

19*4 

8*1 

27*6 


lOGp 

Below 30 ft. 

41-3 

15*7 

12*6 

28*0 



106p 

0—1 ft. , . . 

34-3 

10*2 

12*2 

89*4 

Jhinkartangi, Khurda Town, 


107p 

1 ft.— 2 ft. 

221 

11*0 

18*4 

48*9 

Orissa 










108p 

2 ft.— 8 ft. 6 in. 

44*7 

11‘7 

11*7 

28*3 

i 


L 109p 

8 ft. 6 in.— 10 ft. 

42-5 

24-9 

6*7 

22*4 


IlOp 

80 ft.— 50 ft. . 

29-9 

20*6 

190 

29*3 



ll2p 

0—4 in. . 

28-3 

18*8 

10*4 

39*0 



113p 

4 in.— 3 ft. 4 in. 

40*0 

18-5 

2-8 

35-2 

Lalgarh.Midnapur, Bengal . | 










114p 

8 ft. 4 in. — 4 ft. 

46-6 

18-2 

7*6 

26*7 



nsp 

7 ft.— 8 ft. 

13-4 

41 <6 

6*6 

34*2 



r ii6p 

0—8 in. . 

89*3 

44*7 

4*4 

9*6 

Mailda, Midnapur, Bengal . 


117p 

Bed soil of Cossye E. . 

1 6*0 

19-3 

24*8 

44-0 



L 118p 

1 40 ft. below 

89*5 

13-4 

18*2 

82-8 


11 ] 
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Table II — contd. 


Locality 

i 

1 

i 

Sample 

No. 

Depth 

Coarse 

sand 

(lH>r cent) 

Fine 

sand 

(IH'T cent) 

Silt 

(per cent) 

Clay 

0x!r cent) 


1 

" 11 Dp 

0^— C In. . 

17-9 

12*0 

23*7 

37-0 


j 

120p 

0 in.— 1 ft. 3 in. 

20-5 

11-3 

23*3 

35*0 

Mawphlang, Khasi 

Hills, U 







Assam 

i 

I21p 

1 ft. 3 in.— 2 ft. 1 in. . 

18(1 

11*7 

23*3 

38*0 


i 

. I22p 

2 ft. 1 in.— 4 ft. 

■ 25-0 : 

9*5 

23*4 

35*4 



r ]44p 

0—3 In. . 

43*5 

i 18*4 

14*7 

20*2 


j 

14,5p 

3 in.— 1 ft. 8 in. 

54-6 

18*0 

10*5 

150 

Upper Chandmari, 

Tura, - 







Uaro Hills, Assam 

1 

146p 

1 ft. 8 in.— 2 ft. 8 ill. 

j (J5'2 

16*4 

8*4 

9*1 


j 

. 147p 

2 ft. 8 In.— 4 ft. 

I 63-7 

12*9 

13*8 

j 8*1 


The mechani(3al analyses data show generally a more sandy texture 
for the surface soil than for the subsoil. This fact has been usually ascribed 
to Ksandy wash of external origin, or to mechanical eluviation within the 
profile. Robinson [1936] has suggested a third possibility in that it might 
be due to normal erosion, as distinct from catastro])hic erosion, involving 
lateral movement of the finer fractions. Such removal, according to him, 
might take place along the surface of the soil itself or along the surface of a 
water-table and, in either case, the result would be to produce a surface horizon 
relativelj^ richer in the coarser fractions than the parent material. 

Estirnaiion of minerals of different grades in the fine tmnd fraction"^ 

The fine sand fractions were treated with oxalic acid to remove the cement- 
ing iron oxide material, washed, dried and then separated into three fractions, 
as detailed below, by shaking with brornoform (sp. gr. 2*9) and a mixture of 
bromoform and benzene (sp. gr. 2-62) : — 

(а) Sp. gr. higher than 2*9, mostly ferro-magnesian minerals 

(б) Sp. gr. between 2*62 and 2-9, mostly quartz grains 
(c) Sp. gr. less than 2*62, mostly felspar grains 

All these three fractions were washed, dried and separately weighed in che- 
mical balances. This gave the percentages of different fractions in the fine 
sand. 

Table III shows the quantities of different fractions expressed as per- 
centage of fine sand and of the soils. 

The results show that the soils of Midnapur, Bengal, are the richest 
in the percentages of heavy minerals. The soils of Palamau (Daltonganj), 
of Cuttuck (Orissa), and of Puri (Orissa) are intermediate in their content of 
heavy minerals. The greater the percentages of heavy minerals present in 
the soil, the greater would be the probability that the soil is changing into 
a new one provided external disturbing factors like erosion be not present. 
These considerations, however, do not apply to the case Avhen resistant mine- 
rals like garnet or iron oxide are present. On the basis of these general con- 
siderations we should expect that the soils obtained from Khasi hills, Assam, 
as also from the districts of Manbhum and Singhbhum have been weathered 
to a great extent, whilst the soil of Midnapur are comparatively immature. 

♦The silt fraction was not analysed quantitatively, because it was not found practi- 
cable to utilize the heavy liquid method of separation for material of so fine a grade. 
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The percentages of the middle and light fractions in the soil types do not 
yield any useful information unless the percentages of minerals containing 
useful plant nutrients be separately determined. 

Table III 


Different frdctiom expressed as percentage of fine sand and of soil 



i Soil 

j Heavy 

fraction 

j Middle 

fraction 

1 Tdght fraction 

Error* 

Locality 

1 No. 

! 

; Fine sand 
(per cent) 

Soil 

(per ccint) 

! Fine sand 
j (per cent) 

Soli 

(per cent) 

! Fine sand 
(per cent) 

Soil 

(per cent) 

as per cent 
of fine 
sand 


1 r 8ip 

1-2 

0*252 

1 2*1 

0*440 

90*4 

19-0 

6-3 


82p 

1-8 

0*315 

1 

0*298 

88*4 

15'6 

8'1 

Hathwara Farm, 

\ 83p 

2-2 

0*476 

1 2*2 

0*476 

88 '4 

19-1 

72 

Manbhum, Bihar 

84p 

2-2 

i 0-2(J 

1 

1 

! 2-4 

0*284 

86-2 

10 1 

10*2 


L 85p 

0-5 

1 01 

j 3-3 

0*66 

89 '2 

17-84 

7 


86p 

7-8 

! 1*87 

37 9 

6*5 

48*8 

8*85 

5 '5 


r 87p 

i 1-8 

1 

j 0-279 

70-2 

15-1 

16 7 

3-59 

11*8 

Putldii, Singh- 

88p 

0-8 

! 0 096 

45-9 

5*51 

47-8 

6'7S 

5‘5 

bhuin, Bihar 

L 89p 

0-3 

i 0*0465 

1 60-2 

9*33 

32-6 

505 

6-9 


r oop 

5-9 

1 1*10 

! 08-0 

13*3 

j 17'4 

3'4 

8-7 


91 p 

i 3-7 

I 0*530 

I 40 4 

5-86 

! 47'2 

6-84 


llatn, Kaiichi, Bihar 

92p 

5-2 

0*676 

i 13-4 

1*74 

70'7 

9-19 

10 '7 


. 93p 

j 0-8 

0-768 

I 44-8 

1 

5 06 

43-2 

4 '88 

5 '2 


^ 94i) 

! 9-9 

1 

j 3-23 

7-3 

2-38 

70-C 

24-9 

6-3 


95p 

1 4-7 ' 

0-992 

6-6 

1 -39 

82-5 

17-4 

G'2 

J )altonganj , ralainau, 






Bfhai 

96p 

5-5 

0-88 

15-4 

2-47 

72-6 

11 -0 

0-6 


.. 97p 

0-3 

0-513 

1 -3 

0-222 

95-5 

16-3 

2-9 


r 08p 

70 

0*237 

6*1 

2- 00 

83-9 

28-4 

3*0 

Taiigi, Ciittuck, 

Orissiv 

j 99p 

7-5 ; 

0-209 

7-7 

2-i5 

79-8 

22 '3 

6-0 

1 loop 

j 30-7 ; 

0*07 

31*3 

0-29 i 

34*1 

6-85 

3*9 

Dhanmandal, Out- 

r loip 

j 7-0 ! 

1*81 

11-9 

2-83 

76-7 

18'3 

3-8 

1 

1 



ttick, Orissa 

1 102p j 

10-8 

0-972 j 

7-1 

0 639 

77-4 

6-60 

4-7 

KapUeswar, Bhu- 

r io3p 

9-2 

1*93 

37-7 

7-91 

49-2 

10 '3 

3-9 





baneswar, Orisaa 

1 104p 1 

12-8 

2-48 

33-9 

0-58 

61 '6 1 

10-0 

1'8 


ior)p 

5*4 

0*848 

14 9 

2-33 

77-6 1 

12-2 

2‘1 


' loop 

9-3 

0-948 

32*0 

3-33 

54-1 1 

1 

5-62 

4-0 

JlUnkartangl,Khunbi, * 
Puri, Orlsswi 

107j) j 

12-8 

1-41 

36-2 

3*98 

44-8 1 

4'94 

6-2 

KKSp 1 

10*3 

1*91 

20-6 

3 04 

58-2 

6-81 

4*9 


. 109p 

25 1 

6*24 

46-2 

11*25 

20-5 

6-60 

3 2 

i 

IlOp 

2*4 

4*92 

19 6 

4*90 

74'6 

16-3 

3*4 


' 112p 

2*9 

6*46 

1-9 

0*357 

92-6 

17'4 

2-6 

Lalgarh, Midnapiir, - 
Bengal 

l]3p 

21 

3*89 

8*2 

1 '52 

87*1 

16'1 

2*6 

114p 

1-2 

2*18 

0*7 

0*1274 

96'6 

17*6 

1'6 


. 115p 

0v9 

0*374 

0*8 

0*382 

96'6 

39*7 

2'7 

Mailda, Mldnapur, 

r HOP 

2'1 

9*38 

6 2 

2-32 

91 1 

40'7 

1-6 





Bengal ^ 

1171) 

0*9 

0-174 

40*8 

7 '37 

54 '8 

10-6 

8 ‘5 


L 11 8p 

1*2 j 

0-161 

42*4 1 

6 '68 

68 97 

7*22 

2*5 


* BepreseaU Ions of material ia working manipulatiou 
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Table III — amtd. 


Locality 

Soil 

Heavy fraction 

Middle fraction 

Light fnirction 

Error* 
as x>ftr cent 

No, 

Fine sand 
(per cent) 

Soil 

(per cent) 



Fine sand 
(per cent) 

SoU 

(per cent) 

Fine sand 
(per cent) 

Soil 

(l)er cent) 

of fine 
sand 


11 9p 


0 072 

24-5 

2-94 

68-9 

8-20 

6-0 


120p 

9-6 

0 0678 

13-9 

ir>7 

78-5 

8-87 

7-0 

Mawphlang, Khaai 









Hills, Assam 

I21p 

0*8 

0 0936 

j 60 

0-72 

86-9 

10 17 

6-3 


122p 

0-5 

1 

0 0475 

j 3-7 

0-352 

86-7 

8-24 

9-1 

- 

144p 

11*9 

219 

i 


87-4 

16 1 

0-7 


146p 

5-8 

1-08 



93-2 

17-3 

1-0 

••Garo Hills, Upper ^ 





1 




Ghandmari, Tura 

146p 

60 

108 



92-0 

15-1 

1-4 


147p 

6‘80 

1 0-75 

i 

1 

93-1 

12-0 

1-1 


‘ 



' — 

) 






* Represents loss of material in working manipulation 

♦•In the ewe of these soils the data in the column of light fraction represent both the light and middle fraction 


It seems on the whole that the soils generally are fairly rich in their 
felspar constituents. The proportions of the middle fraction which consist 
mainly of quartz jiarticles are, however, not so high except in a few cases (e.g. 
Singbhnm, Ranchi and Midnapur). 

Estimation of minerals in the heavy fraction of the fine sand 

The separated fine sand fractions were mounted on microscopic slides 
with Canada balsam by following essentially the procedure described by 
Milner [1932]. It was found that the nature of the minerals in the middle 
and in the light fractions of all the soil samples were very nearly tlie same 
The mineralogical composition of these fractions was generally as follow\s 
Mainly quartz and felspar grains and some kaolinized felspars ; most of the 
quartz and felspar grains were found to be stained with limonitic materials ; 
chloritic minerals were also found. 

Detailed quantitative mineralogical studies were undertaken with the 
heavy fractions only. 

])eiermimtion of different minerals in the heavy f ractions 

A square-type graduated mi(‘roineter scale was used inside the micros- 
cope eye-piece. The microscope tube was adjusted sir that the micrometer 
scale was in the field of view along with the minerals of the microscopic slide 
and the total number of minerals in the graduated square area were counted. 
The number of individual minerals in the same area were also determined. 
By simple process of calculation the percentages by volume of the various 
minerals in the microscopic slide could be calculated and multiplying these 
volume percentages by the specific gravity of the minerals, the percentages by 
weight of the minerals can be obtained. It is, however, necessary to take 
a large number of counts in order that the calculated percentages by weight 
of the minerals might be approximately correct. If a large number of counts 
are taken, it is found that the percentages of the various minerals agree 
within 10 per cent. 

Tabte IV gives in one place the data on the percentages by weight of 
various minerals in the heavy fraction of the fine sand along with the nature 
of the parent materials of the soil types. 
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Table 


Weight of minerah in gm. 


Locality 

Soil 

No. 

Depth 

Iron 

oxide** 

Zirooii 

Bpidote 

Horn- 

blende 

Tour- 

maline 


r 

0~— 1 ft. 6 in. , . 

67*5 

109*0 

24*2 

36*3 



82p 

1 ft. 6 in.— 2 ft. 3 in. 

8&’5 

171*0 

19*7 

34*8 



88p 

2 ft. 8 in.— 3 ft. 6 In. . 

147*0 

232*0 

86*0 

40*6 

5*06 

Hathwara, Han- 

84p 

3 ft. 6 in.— 4 ft. 11 in. 

79*6 

108*0 

22*2 

16*7 

7*84 

l>iiuin> Bihar 

86p 

Below 4 ft. 11 In. 

86*6 

36*2 

18*4 

8*85 

1*48 


i. 86ii 

Below 80 ft. 

93‘6 

1150*0 

23*6 




f 87p 

0—1 ft. . . . 



740 

6*44 


Putida, Slnghhhum, 

i 8Sp 

1 ft.— 2 ft. 9 in. 

4*34 

4*2 

3*11 



Bihar 

L 89p 

2 ft. 9 in.— 4 ft. 

2*69 


0*77 




r 90p 

0—1 ft. . . . 

1060 

27*6 

30*0 

64*0 



dip 

1 ft.— 2 ft. 

460 

6*86 

22*8 


8*64 

Katu, Eanohi, Bihar 

i 92p 

2 ft.— 8 ft. 

624 

8*12 

24*0 

21*2 



L 98p 

3 ft.— 4 ft. 

716 

9*24 

18*7 

24*1 

6*02 


r 94p 

0—1 ft. 11 in. . 

614 



2640*0 

86*8 


95p 

1 ft. 11 in.— 2 ft. 9 in. 

802 


6*76 

676*0 


Baralot^ Dalton- 

i 96p 

2 ft. 9 in.— 4 ft. 

239 



678*0 


ganj, Bihar 

L 97p 

4 ft.— 6 ft. 

184 

217*0 


84*6 



f d8p 

0—1 ft. . . . 

30*6 


88*6 



Tangi, CuUack, 

i 99p 

1 ft.— 2 ft. 

26*1 


86*0 



Otiasa 

L loop 

2 ft.— 4 ft. 

16-6 


89*8 



Dhanmandal, Cut- 

I lOlp 

0—6 in. , . . 

487 


860 



tack, Oriaea 

\ 102p 

6 in.— 4 ft. . . 

888 


204 




r io3p 

0— 2 ft. 11 in. . 

1800 

47*6 

86*1 



Eapileswar, Bhuba- 

i 104P 

2 ft. 11 In.— 4 ft. 

2400 


44*8 



neswar, Orissa 

L 105p 

Below 80 ft. 

076 

1 

71*5 




r io6p 

0—1 ft. . . . 

687 

180 

66*5 




107p 

1 ft.— 2 ft. 

986 

407 

60*2 



Jhinkartangl, Khur- 

< 108p 

2 ft.— 8 ft. 6 in. 

1220 

494 

88*0 


[ 

da town, Orissa 

109p 

8 ft. 6 in.— 10 ft. 

4830 

1270 

111*0 




1 IlOp 

80 ft. —60 ft. . 

4120 

1 416 

807*0 




f 112p 

0 — 4 in. . » . 

4000 

206 

858 


678 


1 llSp 

4 in.— 8 ft. 4 in. 

8090 

96 

71 

62*6 

282 

lialgarh, Midnapore, 

i 114p 

8 ft. 4 in.— 4 ft. 

1470 

162 

120 



Bengal 

1 116p 

7 ft.— 8 ft. 

273 

18*7 

24*1 


86-6 


f iiep 

0 — 8 in. ... 

6080 

463*0 

770*0 

468 

906.0 

Halida, Midnaporc, 

\ 117P 

Bed soil of CoBsye B. 

199*6 

8*76 

14*6 


19. 96 

Bengal 

L 118p 

48 ft. below 

1120 

8*30 

16*9 


18-9 


r ii9p 

0~— 6 in. . ■ * 

68*8 

2*71 

9*85 


1*77 

Mawphlang, Kliasi 

< 120p 

6 In.— 1 ft. 8 in. 

49*4 

4*98 

7*88 


1*08 

Hills, Assam 

12lp 

1 ft. 3 in.— 2 ft. 1 in. 

62*0 

4*88 

12*80 


8. 10 


t 122p 

2 ft. 1 in.— 4 ft. 

81*4 

2*88 

4*40 


8*89 


r U4p 

0—3 in. . . . 

1930 

184*0 

77*6 



Upper Chandmari, 

< 146p 

3 In.— 1 ft. 8 in. 

900 

104*0 

76*7 



Tura, Garo Hills, 

146p 

1 ft. 8 in.— 2 ft. 8 In. . 

925 

104*0 

1*98 



Assam 

1 147p 

2 ft. 8 in.— 4 ft. 

648 

10*6 





^ftleiilated l^om tbe pefoantiget of 
- Tliese repmenfe losiitAntr fomt of oxldop of Mi wMi 


U] 

w 

per 10^ gm . < 

of soil* 

STUMIS IN INDIAN RED SOILS, VI 

m 

Btauro* Garnet 

Augito 

CWo- Cal- Dolo- 

Rutile ' Bio- Kya- 

Parent 

Ilte 


rite cite mite 

! tlte nlte 

1 material 

4-6 
i 2*76 

8*05 

8*29 

2*02 

j 

! 

Granite and ayeiiite 

6-41 

7*66 

4-68 

i 

1 


! 4*95 

8*88 

1*45 




3-34 

1*37 i 





1 

: 75 *7 i 

Do. 



i 

72 5 126-6 

DaJma traps and 



i 

843-0 i 

Mergui volcanies 



1 

414-0 : 1-7 


43-2 



i 

Unclassifled cry«- 




; 

talline gneiss, etc. 

23-3 

41 7 

60*9 

' ! 

19-0 I : 


7-54 


131 

616 ! i 

Limestone, sliales 

13-7 

122 

26 0 

16-7 1 

and slates 

72 0 



; i 5-89 





‘ 

Older alluvium 




98 

and laterite 




545 i 

i ' 





1020 i 

Laterite mixed 




435 

with granite and 

j 

1 j 


; 

sandstone 

1 



44-0 

OniesB 


23*8 1 

78*0 

! , 

1 28-1 

Do. 



14 0 ' 


Do. 

6*74 







1 69*8 ! 

41*4 


i 


45 3 1 88-6 329 0 ; 

1 69-0 




74-0 i 


Do. 

274 


1 1 

; 42-6 


Older alluvium 

154 


89-7 

44*2 

and laterite 

162 


32*8 1 

1 24-9 

Do. 

16 0 

i 


2‘82 2-91 1 



1 


! 

■ 

Older alluvium 

658 0 

1*61 

140*0 t 72*2 


and laterite 

3*62 1 


182 ! 2*72 i 

1 1*47 

Do. 

50 


i ^ \ 

1 3 S 3 

1 

Do. 



i : 

1*«3 ! 1*69 1 

1 1 

1 0-83 j 




2*01 ' ' 

i 3-06 1 

Shillong sericb 



7*90 1 1 48 

1 2*19 ! 



j 

0-72 i 1-49 ; 

; 8 -29 1 

1 i 



1 

I 

316 

1 ; 1 

1 1 ^ 

1 ! ! 

Pab-sandatone 

1 


mUwrtl lit tiM toU (Tftble HI) 

could not be nmoTOd b>:r ttettauBt 'wttb!ouUc dciS 
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On the basis of the data given in Table IV, the soil profiles studied may 
be tentatively grouped as follows : — 

L Zircon preponderant . ..(<») Hathwara Farm (Pixrulia, Bihar) 

(6) Jhinkartarigi (Khurda Town, Orissa) 

(c) Upper Chandmari (Tura, Garo Hills, Assam) 

2. Hornblende preponderant . Baralota (Daltonganj, Bihar) 

3. Rutile {)reponderant . . (a) Futida (Singhbhum, Bihar) 

(b) Tangi (Cuttack, Orissa) 

(c) Dhanmandal (Cuttack, Orissa) 

4. Epidote preponderant . (a) Tangi (Cuttack, Orissa) 

(6) Dhanmandal (Cuttack, Orissa) 

(e) MaMrphlang (Khasi Hills, ABsam) 

5. Tounnaliiu' preponderant . Midnapore (Bengal). 

Mention may be made here of the work of Jeffries [1937], who working 
with some Pennsylvania soils, has concluded that the percentages of minerals 
present in the soils can be used as an important aid in soil classification. 

Summary akd conclusions 

The present work was undertaken with a view to characterizing some 
[)rofiles of red and lateritie soils collected from different parts of India by 
finding out the mineralogical composition of the fine sand fractions of the pro- 
file samples, and from the mechanical composition of the soils and the chemical 
composition of the clay fractions. 

In the initial stages of the mineralogical work, the fine sand tractions 
with which the microscopic determinations were carried out, have not been 
estimated quantitatively for the percentages of heavy, middle and light 
fractions. At this stage of the work the heavy and light fractions were sepa- 
rated by shaking with bromoform (sp. gr. 2*9) only, but the separated portions 
were not weighed. Also the nature of the minerals on the microscopic* slides 
was only qualitatively determined, but they were not eoimted for determining 
the percentages of different minerals in the slides. 

In the later stage of the microscopical work it was 1‘elt desirable to obtain 
the mineralogical data of the fine sand fractions on a quantitative basis. 
The fine sand fractions were accordingly separated into three fractions, viz. 
heavy (sp. gr. 2*9), middle (sp. gr. 2*9-2*65), and light (sp. gr. 2*65) which 
were weighed separately and their mineralogical compositions determined 
with the help of a petrological microscope. The percentages of different 
minerals present in the heavy fractions were also carefully counted with the 
help of a graduated cross-wire eye-piece micrometer scale. 

Common ferro-magnesian rock-forming minerals are rejiresonted by one 
or more species in all the soils examined, one or the other being present in 
preponderating amount. Hornblende was occasionally present. Chlorite 
was found in most of the soils studies. Biotite was occasionally found (e.g. 
Nilgiri hills). These minerals are of resistant nature and they are concentrated 
in material which has been subjected to prolonged weathering and has accu- 
mulated from a variety of sources. Epidote and garnet were frequently 
found in granular form, whilst tourmaline and especially zircon, though some- 
times fragmentary, showed crystalline forms. 

Iron minerals like haematite, magnetite and limonite werp present in all 
the soils examined. 

With regard to the percentage of the feiro-silicstte j^up of minerals, 
the soils of basio igneous origin are naturaliy the ricbast« 
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In almost all the cases the proportion of rarer accessory minerals like 
epidote, zircon, garnet and tourmaline is higher compared with the common 
rock-forming minerals like biotite and hornblende. The latter minerals are 
the potential sources of plant food supply and are usually })re8ent in the soil 
samples in small amounts, which explains the comparatively little unproducti- 
vity of the soil types. 

The general nature and proportions of minerals in the light (sp. gr. leas 
than 2*65) and middle fractions (sp. gr. between 2 *9 and 2*65) of all soil 
samples were found to be very similar. In the liglit fraction the assemblage 
of minerals consisted mostly of felspar and grains of cpmrtz often stained with 
oxides of iron. In the middle fraction, on the other liand, the predominating 
minerals were quartz grains, mixed with some felsj)ars, both being stained with 
oxide of iron. 

The outstanding minerals ])resent in the heavy fra(;tion are iron oxide, 
zircon, tourmaline, staurolite, chlorite, hornblende, epidote and r\itile In 
a few cases, the existence of minerals like leucoxeno, augitc, dolomite, cal- 
cite and biotite were noticeable. 

On the basis of the percentages of the mineralogicial constituents in tlie 
profile samples, the soil profiles have been tentatively grouped into five classes. 
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DETERMINATION OF ORGANIC PHOSPHORUS IN 
ALKALI EXTRACTS OF SOILS 

BY 
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Chemistry DeparlmeM, Eothamsted Experimental Station, Herts, England 
(Received for publication on 14 July 1941) 

D ean [I 938] outlined a colorimetric method for determining inorganic and 
organic phsophorus in the alkali extracts of soils. The colour of the ex- 
tract was removed either by using kiesselguhr as an absorbent or by oxidizing 
it by means of sodium hypobromite at 95° — 100° C. The amount of phos- 
phorus determined oolorimetrically on the decolourized extract was assumed 
to be inorganic and the difference of the inorganic phosphorus thus determined 
and the total phosphorus to the extract determined separately by ashing was 
taken to represent the organic phosphorus fraction of the extract. The 
principle underlying this separation is that the organic phosphorus 
compounds do not liberate any free phosphate ion by the decolourizing treat- 
ments. The high temperature at which bromine oxidation was carried out 
by Dean suggests the possibility of some organic phospliorus being decomposed 
into inorganic form in which case the separation would become absolutely 
untrustworthy. Moreover, to get reproducible results it is essentially neces- 
sary that the conditions of bromine oxidation should be clearly specified. The 
work was undertaken with a view to examining the conditions of bromine 
oxidation, in obtaining a method which would allow the organic colouring 
matter to be removed without destroying any organic phosphorus compound. 
For this purpose the alkali extracts of five soils (A. E. A. samples) were de- 
colourized by various treatments as shown below. 

Decoloueizino tkeatmekts 

(1) Bromine oxidation at boiling temperature, excess bromine being 
boiled off after acidification (Dean’s procedure). 

An aliquot of the alkali extract was treated with 6 c.c, of bromine water 
and heated on a water bath until decolourization wa.s complete. The extract 
was then acidified to liberate the excess bromine. The bromine was finally 
boiled off on a water bath xmtil the extract was colourless. 

(2) Bromine oxidation at 40°C., excess bromine being boiled off. 

The brominated extract was heated on a water bath which was kept at 
40°C. The excess bromine was boiled off as in (1). 

(3) Bromine oxidation at 40°C., excess bromine being removed at 40°C. 
The bromine oxidation was done at 40°C. as in (2). The extract was 
acidified as before and then heated on a water bath kept at about 40°C. until 
all the bromine waa driven off. 

(4) Bromine oxidation at room temperature, excess bromine being re- 
move by aeration. 
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Bromine water was added to the extract and the extract allowed to 
stand for some time. It was then acidified as before and a current of air bubbled 
through it until it was colourless. 

(5) Kiesselguhr method (Dean’s procedure)— An aliquot of the extract 
was acidified and heated. The coagulated humus was filtered off and the 
filtrate shaken with kiesselguhr and again filtered. 

(6) Kiesselguhr method (modified)— The humus was coagulated as in (6) 
but not filtered off before shaking with kiesselguhr. 

The inorganic phosphorus was determined in the colourless extract after 
deoolourization had been effected by the above treatments. Tlie total phos- 
phorus of the original alkali extract was estimated by ashing (as shown later) 
and the organic phosphorus was obtained by difference. The colorimetric 
method of Deniges [1920] as improved by Truog and Meyer [1929] was used all 
through. The results showing the organic phosphorus figures only are given 
in Table I. 


Table I 

Effect of bromine oxidation at different temperatures on the organic phosphorus 

in the alkali extract 


(Organic PjOj in mg. per 100 gm. of soil) 


Soil 

A 1441 
Broadbalk 
head 
land, 
heavy 
loam, 
acid 

1 A 1442 
Woburn, 
sandy 
loam, 
acid 

i 

A 1443 
Bangor, 
loam, 
nfHitral 

1 

A 3328 
CarbelJo, 

loaiU, 

acid 

j 

A 2866 
King’s 
lynn, 
sandy 
loam, 
alkaline 

Treatments 






J. Oxidation and expulsion 

46 

24 

132 

46 

23 

of bromine at 100°C. 





2. Oxidation at 40°C. and 
expulsion at 100®C. 

48 

i 

130 



3. Oxidation and expulsion 

62 

32 

166 

52 

32 

at 40°C* 





4. Oxidation and expulsion 

64 

33 

160 

56 * 

32 

at room temperature 




1 


5. Kiesselguhr (Dean’s) 

64 

33 

160 

56 

35 

6. Kieseolgulir (modified) . 

66 

33 

160 

66 

33 

Total P-O* extracted by al- 
kali 

126 

74 

320 

96 

72 


It will be seen from the table that the temperature of bromine oxidation 
has a great deal of effect on the organic phosphorus determined. If both 
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bromination and expulsion of excess bromine are carried out at 100°C. as in 
(1), the organic phosphorus figures are much lower as compared with the 
figures obtained by the Baesselguhr method which shows that at this high 
temperature the organic phosphorus compounds are considerably, broken 
down by bromine, to be determined as inorganic phosphorus. It has, of course, 
been assumed that no such transformation takes place by the treatment wdth 
kiesselguhr. When both the operations are carried out at 40®C. as in (3), 
the results are comparable with those of the Kiesselguhr method. But again 
if only the expulsion is done at 100°C. as in (2), the figures fall down to the 
original values as obtained in (1), fi?om which it be(K)nie8 evident that neither 
the bromine oxidation nor the expulsion of the excess bromine can be under- 
taken at 100°C. without affecting the organic phosphorus fraction. Though 
the results are not affected by the treatments in (3), the removal of excess 
bromine at 40°C. was found to take more than hours. Bromination 
at room temperature and removal of excess bromine by aeration as in (4) 
compare very favourably with the kiesselguhr and the low temperature oxida- 
tion methods. The cold bromination also simplifies the procedure to a great 
extent, the reaction is completed in a few minutes and the excess bromine can 
also be removed in a short time. This, therefore, affords a simple and efficient 
means for the separation of the inorgaixic and organic phosphorus in the alkali 
extracts of soils. 

As regards the kiesselguhr method it will be seen that the procedure can 
be a little simplified as in (6) without affecting the results. This method is not 
only long and tedious but is also incapable of general application. Kiessel- 
guhr can be used as a decolourizing agent only in the case of lightly coloured 
extracts. Experience showed that even moderately coloured extracts could 
not be decolourized by it. 

Subsequent experience with a large number of determinations on a variety 
of soils showed that the cold bromination metliod can be applied successfully 
to all soils. An occasional highly organic soil may require large amounts of 
bromine water. While working with some black fen soils giving highly coloured 
alkali extracts, the author had the opjwrtunity to compare again the original 
method of Dean with the method proposed by him. Table II contains the 
results of organic phosphorus determination by the two methods in three 
successive alkali extracts of two fen soils. Kiesselguhr method was complete- 
ly ineffective in these oases. 

The proposed method gives higher values of organic phosphorus in all 
the extracts of the two soils. This conclusively shows that the organic phos- 
phorus compounds are considerably decomposed during the process of bromine 
oxidation at 100°C. as originally proposed by Dean. This breakdown is not, 
however, proportional to the total organic phosphorus in the extract. It 
probably depends upon the nature and Wnd of organic phosphorus compounds 
and therefore varies from soil to soil. It will be noted that in the second ex- 
tract of soil A 3560-1 the whole of the organic phosphorus was broken dovm. 

The method finally proposed for the determination of inorganic and or- 
ganic phosphorus in the alkali extracts of soils may be stated as follows : — 

An aliquot of the alkali extract (however obtained) is measured into a 
100 0 . 0 . conical flask and treated with a .saturated solution of bromine in water, 
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the volume of bromine required varying from 2 to 16 c.o. according to the 
colour of the extract. When a large amount of bromine is used, an equivaletit 
amount of alkali should be added if the extract is not sufficiently alkaline al- 
ready. The brominated extract is allowed to stand for a quarter of an hour 
and is then acidified with 6N sulphuric acid until bromine is liberated. The 
flask is then connected to a filter pump and a cuiTent of air is bubbled through 
to remove free bromine. When the extract is colourless it is washed into a 
measuring flask (60 or 100 o.c.), made up to volume, filtered and the phosphorus 
determined colorimetrioally on an aliquot. 

Table II 


Comparison of the original method of Dean and the proposed method of 
determining the organic phosphorus in alkali extracts 
(Organic PiO* expressed as mg. per 100 gm. of soil) 


Soil 

Method 

1st 

extract 



2nd 

(extract 

3rd 

(Extract 

I’otHi 

' 

"'Original 

method 

260 

0-0 

4-0 

29-0 

A 35<>0-l Littleport, heavy 






11 (Mitral fen 

1 

1 Proposed 
[method 

54-0 

i 

1 

I 

17*0 

5' 2 

j 

7l)-2 

1 

r Original 
method | 

55 * 0 

10-0 

i 

O' 8 

70-8 

A 3240-47 Peterboro, heavy 

j 





aeid fen ; | 

' Proposed 
[ method 

1 

80*0 

17-0 

8'7 

1 ' 

106-7 


The total alkali soluble phosphorus is deterinined on an aliquot whicdi is 
evaporated to diyness with 2 o.c. of 10 per cent solution of magnesium nitrate 
in a |X)roelain basin and gently ignited. The ignited residue is treatcfl with 
1 c.c. of cone, hydrochloric acid, the basin being covered with a Avatch glass. 
It is then diluted with water to about 20 c.c. and heated on a sand-bath for 1.6 
minutes. The extract is made to a known volume and phosphorus determined 
on an aliquot. The organic phosphorus is obtained by difference. 

StTMMABY 

1. The colorimetric method for the estimation of inorganic and organic 
phosphorus in alkali extracts of soils as proposed by Dean has been critically 
examined. 

2. It has been found that the bromine oxidation at 100°C. breaks down a 
part of the organic phosphorus compounds. 

3. On the other hand, the oxidation at room temperature does not 
decompose any organic phosphorus. 

4. A simplified procedure for the separation of organic and inorganic 
phosphorus in the alkali extracts of soils by bromine has been described. 
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P LANT pigments can be classified broadly into two groups, the vegetative 
and the ornamental. The vegetative pigments are those that are related 
to the chlorophyll and are therefore indispensable for the normal metabolic 
activities of the plant. The ornamental pigments have a comparatively less 
important r61e and though several functions of a physiological and biological 
nature are attributed to them, they do not seem to be vital to plant life. 
Sorghum seedlings manifest various types of pigmentation soon after they 
emerge from the soil and after a few days of growth. Several colour patterns 
that are associated with chlorophyll exist in sorghum. Under the term 
‘ seedling colours ^ referred to in this paper are included the colours other 
than those that are related to chlorophyll. These are confined either to the 
cell-sap or to the cell- wall and do not exist in the plastid condition like those 
of the chlorophyll group. 

Attempts to classify the sorghum seedlings into pigmentation types 
have been made in the past. Reed [1930] classified them into two groups, 
those with red-coloured coleoptiles and those with green coleoptiles. The 
seedlings with red coleoptiles proved a simple dominant to those with green 
coleoptiles. Rangaswami Ayyangar [1930, 1932] recorded a simple monogenic 
segregation between purple and green seedlings. Rangaswami Ayyangar 
[1934], Rangaswami Ayyangar, Ponnayya and Reddy [1938] refer to the 
segregation of purple and green coleoptiles. Karper and Conner [1931] made 
mention of red-stemmed seedlings which behaved as a simple dominant to non- 
red stemmed seeedlings. Fevorow and Havenselman [1934], investigating 
the hybrids of sorghum and Sudan grass, mentioned that the violet colour of 
the shoot of sudan grass is due to the presence of one dominant factor. Wood- 
worth [1936] reported a 9 : 7 segregation between red-stemmed and green- 
stemmed seedlings in a cross between Shafiu and Black Spanish ; Rangaswami 
Ayyangar, Rao and Reddy [1938] have reported a simple segregation of deep 
purple and purple plumules close on emergence from the soil. The deep 
purple pigment of the plumules always went with the purple colour of the 
anthers. 

This pigmentation in sorghum seedlings was made use of by plant breeders 
in several instapces, It is ^.n old observation at the Millets Breeding Station, 
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Coimbatore (south India), that in pure breeding lines of sorghum, odd seedUngs 
possessing a diflFerent seedling colour fix>m the type occur very often, l^iese 
seedlings later on prove to be the resultants of natural crossing. If aUoved to 
grow to maturity they contaminate the inbreeding line stiU further since 
sorghum is easily susceptible to cross-pollination and up to as much as 60 
per cent of natural crossing is reported in adjacent rows [Ball, 1910]. Hence 
these seedlings are pulled out in order to prevent further contamination of the 
inbreeding line. Reed [1930] was able to detect sorghum hybrids at the seed- 
ling stage itself with the help of the dominant seedling colour. He selected a 
parent possessing the recessive seedling colour as mother and pollinated it 
with a male parent having the dominant seedling colour. The mother parent 
was not emasculated before pollination. When the seeds of this parent were 
sown, both the mother type and hybrid seedlings were produced. The hybrid 
seedlings were readdy distinguished from the mother type by the help of the 
dominant seedling colour which they possessed. Rangaswami Ayyangar 
[1930] made use of the segregation of purple and green seedlings for demons- 
trating a simple mendelian segregation graphically by germinating and growing 
the seedlings on the earhead itself. VinaU, Stepens and Martin [1936] distin- 
guished red and green coleoptiles and made use of this colour for the classifica- 
tion and identification of sorghum varieties of the United States of America. 

During the years 1930-36, a large number of sorghum varieties from 
several important sorghum centres of the world were obtained and grown at 
the MUlets Breeding Station, Coimbatore. Among these, many varieties, 
especially those from Africa, exhibited certain types of seedUng colours which 
have not so far been recorded. In a previous paper [Rangaswami Ayyangar, 
1934] mention has been made of sorghum seedlings with coloured and colour- 
less roots. This aspect was explored and elaborated further ; this has led 
to the knowledge of the existence of several types of root pigmentations. 
Previous investigators classified sorghum seedlings according to the nature of 
the shoot pigmentation. The present classification is made based on both the 
shoot and root pigmentations. 

(JliASSmOATION OP SORGHUM SEEDLINGS BASED ON PIGMENTATION 
Shoot pigmentations 

The plumules (the seedling shoots) of sorghum seedlings soon after their 
emergence from the soil are either purple or green. When they are coloured 
purple they may be either deep purple or purple. The shoot pigmentations 
are therefore classified into three groups, (1) deep purple, (2) purple, and (3) 
green. Detailed descriptions of these three groups are given below. 

Deep purple ahoota 

The coleoptile which is the first to emerge from the soil rapidly develops a 
deep purple tint (Amaranth purple to Aster purple of plate yiT in Ridgway’s 
^912] Colour Standarda). The young shoot which pushes out of the coleoptile 
is pigmented likewise. The first two leaves are coloured deeply like the ooleop- 
tile. But in later leaves the pigment gradually lightens up and altogether 
disappears from the sixth to the eighth seedling leaf upwards. As the shoot 
grows and when the leaf blades begin to spread out, the pigment disap pe ar^ 
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from the blade area and is confined to the region of the leaf-sheath only. In 
seedlings about a week to ten days old and with about four to five leaves, the 
pigment is seen only on leaf-sheaths. This pigment on leaf-sheaths is very 
conspicuous and extends even to the bases of the older leaf-sheaths which are 
at or near the ground level, so much so that even in seedlings about 40 days 
old the shoot pigment is easily distinguished. 

Besides the manifestation of the pigment on the sheath and the blade 
areas, the auricular junctions (the specialized tissue that connects the blade 
with the ^heath) also get coloured purple from the third leaf onwards. In 
sorghum, the junctions of the first two leaves are not well developed and the 
pigment is not seen in these regions. From the third leaf onwards they get 
well elaborated [Rangaswami Ayyangar, Rao and Rajabhooshanam, 1938] 
and the pigment is very clearly noticed. Seedlings over a week to ten days 
old manifest this pigment well. In seedlings of about 20 days old the exposed 
portions of the outer margins of the leaf-sheaths also develop purple pigment. 
The development of the purple pigment in the auricular junctions and the iraf- 
sbeath margins is a characteristic of this class of seedlings and these pigmented 
organs are unmistakable guides in distinguishing this type of shoot pigmenta- 
tion from the rest. 

Purple shoots 

In this type the manifestation of the pigment is almost parallel to that 
of the deep purple type, except that the colour is of a much lighter shade of 
purple (pale Rosolane purple to light Rosolane purple of plate XXVI in 
Ridgway’s [1912] Colour Standards). The coleoptile when emerging from the 
soil is of a pale greenish tint but very soon becomes purple when outside the 
soil. The pluraular leaves as they come out from the coleoptile are also 
coloured purple. This colour of the plumular leaves is always of a lighter tint 
than that of the coleoptile. Except the first two seedling leaves the older 
leaves do not manifest the pmple pigment in the blade area. Even in these 
two seedling leaves the pigment disappears from the leaf-blade, when they have 
fully emerged from the coleoptile, and is confined to the leaf-sheaths. Similar 
to the deep purple shoots, in this type also the bases of the leaf-sheaths at or 
near the ground level are pigmented purple in seedlings of about 40 days old, 
though in a faint measure. The auricular junctions and the leaf-sheath 
margins do not develop purple pigment in this type but remain yellowish green. 
Besides the difference in the depth of the pigment in the young shoots, the 
non-manifestation of the pigment in leaf-jimctions and leaf-sheath margins 
clearly helps to distinguish this type of shoot pigmentation from the deep 
purple type. 

Green shoots 

In this type the coleoptile and the plumular leaves do not develop purple 
pigment at any stage of the seedling. The coleoptile when emerghig from the 
soil is either pale yellow or yellowish green. The plumular leaves that push 
out of the coleoptile are green and remain so thereafter without any trace of 
purple pigment. The basal region of the older seedling leaves which are at 
or near the groimd level are either yellowish green or green. The auricular 
junctions find the |eaf-sheath margins remain unpigmented. This type 
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is easily distinguished from the other two pigmented types by the absence of 
the purple pigment in the coleoptile, plumular leaves, auricular leaf-junctions 
and leaf-sheath margins. 

Root figjibntations 

In sorghum as in other mono-cotyledonous plants the primary root soon 
dies away and a very large number of secondary roots develop, chiefly from the 
base of the coleoptile. These roots form the mainstay for the growth of the 
plant. In young seedlings (up to two to three weeks old) the roots are either 
colourless or occasionally have a light straw colour. But in seedGngs over 
20 days old they begin to develop their respective colours. They may be 
either colomed purple or brown. When coloured purple they may be either 
reddish purple or blackish purple. There are therefore three pigmented 
groups in roots, viz. (1) Reddish purple, (2) Blackish purple, and (3) Brown, 
lliese three groups are described below ; — 

Beddiah purple roots 

These roots at first sight appear brick-red, but on closer examination a 
faint tint of purple is revealed (Coral-red to Eugenia-red of plate XIII in 
Ridgway’s [1912] Colour Standards). The pigment develops first in patches 
on the older roots in seedlings over 20 days old. These patches gradually 
begin to coalesce with one another till the entire root looks pigmented. The 
pigment is not uniformly distributed. On the same root deeper and lighter 
coloured patches appear. In the early stages of manifestation the pigment 
is of a lighter tint and gradually deepens later. Generally the older roots get 
pigmented first, but there is no regularity in colour development on the indi- 
vidual roots. This pigment persists throughout the life of the plant and even 
after its death in dead tissues. 

Blackish purple roots 

In this group the roots are coloured black with a slight tinge of purple 
(Prune purple to Blackish purple of plate IX in Ridgway’s [1912] Colour 
Standards). The development, the manifestation and the persistency of the 
pigment are similar to those of the reddish purple root pigment. The distinc- 
tion between the reddish purple and the blackish purple colour is clear enough 
in freshly washed roots. The difference is more markedly seen when the roots 
are washed and dried in the sun. The reddish purple roots become brick-red 
in colour, while the blackish purple roots turn black. On drying, the purple 
part of the pigment which is common to both these types seems to become 
unobtrusive, the reddish and the blacldsh nature of the pigment getting em- 
phasized. 

Brown roots 

These roots do not develop purple pigment, but are coloured yellowish 
brown to brown (Cream buff to Chamois of plate XXX in Ridgway’s [1912] 
Colour Standards). The development, the manifestation and the persistency 
of the pigment are exactly like those of the purple group. This type is easily 
distinguished from the other two in that the roots do not possess purple colour 
at any stage of the plant. When the roots are washed free from the soil, the 
moist roots are coloured yellowish brown. On drying, this yello'?f opioiir 
disappears and the roots look ntere brownish. 
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Different types of seedling colours 

In sorghum seedlings three kinds of shoot pigmentations and three kinds 
of foot pigmentations were described in the previous pages. These shoot and 
root pigments are two quite different sets of colour manifestations. Any 
one of the three shoot pigmentations can combine with any one of the three 
root pigmentations. This combination results in nine different types of 
seedling ex)lours. These are given below. 


Type 

Se^edlings j 

Reference to Plate IX 

Shoot colour 

Root colour 

1 

Deep purple 

Reddish purple . 

Fig. 1. A-D 

2 


Blackish purple 

4. A-D 

3 


Brown 

„ 7. A-D 

4 

Purple 

Reddish purple . 

„ 2. A-D 

5 

*t ... 

Blackish purple 

„ 5. A-D 

6 

>* • • • 

Brown . . . i 

„ 8. A-D 

7 

Grc^n 

Reddish purple . 

„ 3. A-D 

8 

♦» . . . 

Blackish purple 

„ 6. A-D 

9 

J!> • • • ! 

! 

Brown . . . ! 

„ 9. A-D 


Relation of seedling oolours to adult plant pigmentations 

The sorghum plant manifests purple pigmentation in various places and 
at various stages in its life period, and the inheritance of these pigments have 
been studied by several investigators. The relationship of the seedling colours 
with some of these pigmentations are discussed below. 

The shoot pigmentation of the seedling were found to have an absolute 
relationship with the pigment of the leaf-axils — the basal portion of the inside 
of the leaf-sheath above the region of the nodal band, for brevity called the 
axil [Rangaswami Ayyangar, Rao and Reddy, 1938]. Wlien the shoots are 
purple the axils are purple. When the shoots are green the axils are green. 
In deep purple shoots the axils of the plant are likewise coloured deep purple, 
and in addition, the nodal bands, the auricular leaf-junctions and the outer 
margins of the leaf-sheaths extending from the auricular junctions above to 
the node below, are also coloured purple. The manifestation of tlie purple 
pigment in these regions is at its best at the time when the plants are in flower 
or immediately after flowering. This close association in colour manifestation 
in both the seedling and the adult has been so constant that not even an 
exception was met with in the several thousands of pure hues and numerous 
segregating families studied. Hence it is presumed that the pigmentation in 
both these places is being brought about by the play of the same set of genes. 
A close relationship between the deep purple pigmentation of the plumules 
close on emergence from the soil (the seedling shoots), the axils, the nodal 
bands, the auricular junctions, the leaf-sheath margins and purple colour of the 
anthers was reported by Rangaswami Ayyangar, Rao and Reddy [1938]. 
But in this type of deep purple pigmented shoots the anthers may or may not 
be colpuied purple. Wheu the shoots are deep purple in colour, irrespective) 
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of the fact whether the anthers are purple or not, the axils, the nodal bands 
the auricular junctions, and the leaf-sheath margins are always coloured purple 

The root colours have an absolute relationship with those of the sheath- 
glume pigmentations reported by Rangaswami Ayyangar [1933]. When the 
roots are coloured purple, the leaf-sheaths and glumes are also coloured purple. 
When the roots are brown, the leaf-sheaths and glumes are brown. In the 
purple group, the reddish purple roots are associated with reddish purple leaf- 
sheaths and glumes and the blackish purple roots with blackish purple leaf- 
sheaths and glumes. Beside this concurrent manifestation of the pigment 
on the root, leaf-sheath and glume, even portions of midrib, leaf-blade and pith 
that get injured when in active growth develop the corresponding root colour. 
The pedicelled spikelets, the pulvinor regions of the panicle branches and even 
the stylar end of the grain, in some cases, develop this root pigmentation. 

The nine ty pes of seedling pigmentations and their relationship with the 
adult plant pigmentations presented are in the tabular statement below : — 


No. 

Seedling pigmontation ! 

Adult pigmentation 

Shoot 

Root 

Axil 

Leaf- junctions, 
leaf-sheath 
margins and 
nodal bands 

Leaf-sheath 
and glume 

1 

Deep purple 

Reddish purple 

Deep purple 

Purple 

Reddish purple 

2 


Blackish purple 

ft 

ft 

BlackiBh purple 

3 ! 


Brown 

,, 

ft 

Brown 

4 ! 

Purple 

Reddish purple 

Purple 

Oeen . 

Reddish puj*ple 

6 

* 1 

Blackish purple 

»> • • 

»> • • 

Blackish purple 

0 

1 

♦> • 

1 Brown 

ft • * 

• • 

Brown 

7 

Grt^n 

1 Reddisli purple ' 

Green . 


Reddish purple 

8 

>> 

i Blackish purple 

1 V . 

1 

f> • • j 

Blackish purple 

9 

* 

Brown 

1 ■_ 

ft * • 

Brown 


Genetic analysis of the sebblinq colours 
Shoot pigmentations 

The inheritance of the shoot pigmentation was pursued in 20 crosses. Of 
these the inheritance up to the third generation was studied in eight. The 
results are discussed below : — 

A factor PC [Rangaswami Ayyangar, 1938] is responsible for the presence 
of the purple colour in the coleoptile and the young shoot. In its absence 
(pc) the coleoptile and the shoot are green. Pui’ple (PC) is a simple dominant 
to green (pc). A factor PJ operating in the presence of the purple factor 
PC makes the coleoptile and the shoot deep purple and produces purple pig- 
mentation in the leaf-junctions and leaf sheath margins in addition. PJ 
has no visible effect in the absence of PC. These factor pairs PCPC and 
PJPJ result in the following genic constitution of the three groups : — 

1. Deep purple PCPCPJPJ 

2. Purple PCPCpjpj 

3. Greenj pcpcPJPJ 

pr ycpcpjpj 
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The intesrplay of these two factors results in the usual monohybrid and 
dihybrid ratios. Segregations for thest^ three shoot pigmentations are pre- 
sented in the following tables. Tables I — III give simple monogenic segrega- 
tions and Table IV gives the dihybrid segregation. 

Table I 

Pure, for pj and segregating far PC 


(Shoots purple tf) "reori) 


Genera t Ion 

1 

Oharaeter of selection 

Bohaviour 

of pi'Ofieny 

Family number 

Shoot colour 

Shoot colour 

Purple Or ecu 

Parentft 

A S 2177 . ! 

Purple 




„ 1633 . 

Green 



F, 

„ CLIV . 

Purple 



F* 

„ 3717 . 


202 

68 


3718 . 


375 

136 


„ 3719 . 


152 

61 


„ 3720 . 


340 

99 



Folal 

1 069 

354 



Expeettal 3 ; 1 rat io . 

1074-75 

358 - 25 



X2-=0- 120 

p> 

0-70 

Fo 

i A S 4456 

Purple 

186 

78 


1 „ 4467 . 

% ♦ • • • 

(550 

237 


„ 4460 . 

If . • » 

593 

207 


„ 4461 . 

ff ... 

361 

109 


„ 4462 . 

f 9 • • • 

48f) 

115 


„ 4463 . 

ff ... 

324 

120 


„ 4465 . 


63 

20 


„ 4466 . 


679 

! 216 


1 4470 . I 


187 

t;9 


j „ 4459 . 


Pure 



i „ 4468 . 


» !* 



4469 . 


J > 

1 * * 


„ 4465 . 

Greful 


Pure 


„ 4468 . . 



i 


„ 4464 . 





„ 4467 . 






Total 

! 3528 

1171 


Expected 3: 1 ratio 3524' 25 1174*7;> 


X*«00159 


F>0*80 
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The inheritance of this factor pair PCPC was pursued in 40 other families. 
These gave a total of 6816 seedlings with purple and 2238 seedlings with green 
shoots in the Fj generation and 6071 purple and 1968 green in the Fs genera- 
tion. 


Table II 


Pure for PJ and segregating for PC 

(Shoots det*p purple to green) 


Generation 


( 

1 

Character of selection 

Behaviour of progeny 

Family No. 

1 

! 

Shoot colour 

Shoot colour 

! 

Deep purple 

Green 


A S 3999 

Deep purple 



F, 

„ 4847 . 

• 

369 

128 


„ 4848 . 

99 • 

262 

83 


„ 4849 . 

99 • • 

291 

1 

107 



Total 

i 

912 

318 



Expected 3 : 1 ratio . 

922*5 

307*5 


-0*4780 P>0*30 


A S 6726 . 

Deep purple 

284 

100 

„ 6726 , 

,, 

276 

100 

„ 5727 . 

,, . . 

160 

61 

„ 6729 . 

»» ■ • 

431 

145 

„ 6731 . 


204 

74 

„ 6732 . 


240 

82 

„ 6728 . 

ft • • 

Pur(' 

82 

„ 6730 . 



82 

„ 5733 . 

Green 

99 

Pure 

„ 6734 . 

ft • • • 


it 


Total 

1694 

662 


Expected 3 : 1 ratio 1617 539 


1*3086 P>0*20 


The same experience was met with in eight other families and the segrega* 
tion figures of the generation are 375 deep purple and 110 green aud of 
tho Fj generation 2547 deep purple and 840 green shoots. 
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Tablb III 

Pure for PC arid segregating for PJ 

(Shoot* deep purple to purple) 


Generation Family No, 

Character of selection 

Behaviour of progeny 

1 

Shoot colour 

1 Shoot 

Deep purple 

i 

colour 

Purple 

Parents A S 3447 . 

Deep purple 

j 


„ 60 

Purple 



F, : „ CCXV ! 

Deep purple 

1 


Fg „ 4766 . 

1 ,, . . 

j 474 

167 

4767 . 

>» • • 

! 366 

127 

i 

t 

Total 

840 

294 

; i 

; 1 

Expected 3 : 1 ratio 

860*5 

283-6 



X»=0-6185 P>0-80 

AS 6611 , 

Deep purple 

1 236 1 

86 

„ 6612 . 

tt » • 

210 

65 

„ 6613 . 

♦» • • 

204 

67 

„ 6614 . 

ry • » 

Pure 

67 


Total . 1 

649 

217 


Expected 3 : I ratio . 

649*5 

216-6 


x*». 

0-00164 P>0-96 


The above experience was met with in 27 other families. These gave a 
totaJ of 1386 deep purple and 462 piurple in the Fj and 6376 deep purple and 
2029 purple shoots in the F, generations. 

The dihybrid segregation involving both the factors PC and PJ was pur- 
sued in a family M S 1428 for three generations. M S 1428 is a selection 
from Tanganyika with pmple shoot colour. In it a natural cross A S 3949 
with deep purple shoot colour was obtained. When sown, this segregated and 
a dihybrid segregation involving the three groups, deep purple, purple and 
green shoots, was obtained. Twenty-three selections were carried forward 
from this F j generation and an Fg pop^ation raised. In the Fg generation, the 
dihybrid segregation of the F* together with other simple monogenic segrega- 
tions were obtained. These are given in Table IV 



350 


'IME INMAN JOURNAh OF AORICUI.TLRAL SCmNCN 


[XU 


Table IV 

Segregating for PCj and PJ 

(Shoots deep purple, purple and green) 


i 

(loiXTation 

1 

Kainjly No. 

(Jharaeter of sek^ction 

81 loot colour 

Beha\ 

S 

Deep 

purple 

dour of progei 

hoot colour 

Puipl<‘ 

Green 

! M S 1428 






family 






A S 3949 

Deep purple . 

53 

13 

18 



Expetjfced 9:3:4 ratio 

47- 2-. 

15-75 

21 



va= 1-6084 


P>0-30 


I', 

AS 4812 

UcH p purple . 

229 

59 

91 


„ 4813 . 


236 

81 

108 


„ 4814 . 


216 

65 

76 


„ 4815 

. 

291 

107 

119 


„ 4820 


225 

67 

98 


„ 4832 


63 

17 

27 



Total 

1259 

396 

619 ~ 



Expwted 9:3:4 ratio 

1229-9 

407-6 

543-5 



^2 -2- 6001 

P>0-20 



AS 4816 

Deep purple . 

364 

121 



„ 4817 

*» 

138 

31 



4818 

y* 

389 

153 



„ 4819 . 


329 

81 




Total 

1220 

386 




Expected 3 : 1 ratio 

1204-5 

401 • 5 




0-7978 


P >0- 3(» 



A S 4834 

Deep purple . 

383 


125 


„ 4835 


136 


47 



Total 

519 


172 



Expected 3 : 1 ratio 

518-25 


172 75 



X*=- 0-00108 


p>om 



A S 4822 , 

Deep purple . 

Pure- 

.. 



„ 4823 . 

Purple . 


243 

67 


„ 4824 . 

. . . 


346 

96 


„ 4825 . 

M • 

. . 

212 

68 


4826 . 

»> • 

, , 

261 

91 


„ 4827 , 


. . 

Pure 

. • 



Total 

. , 

1062 

1 322 



Expected 3 ; 1 ratio 

. , 

1038 

346 




X»-=2-2196 

P>0 - 10 



A S 4828 . 

Green . 

9!» 


Pur ‘ 


„ 4829 


»» 

1 1 

■ 


4830 . 




9* 


„ 4831 

,« > > . 





„ 4836 

1 




1 » 

99 
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Genetic analysis op the boot pigmentations 

The inheritance of the root pigmentations has been studied in 21 crosses. 
iSegregations up to the third generation were pursued in 11 of these. 

The factor P [Rangaswami Ayyangar, 1938] is present in the purple group 
and absent in the brown. Puqile is a simple dominant to brown. The purple 
group is divisible into two sub-groups, one with the factor Q [Rangaswami 
Ayyangar, 1938] which makes the roots reddish purple and the other without 
it which results in the roots appearing blackish purple. The former is 
dominant to the latter. These two factors P and Q result in the following 
genic constitutions of the three groups. 

1 . Reddish purple PPQQ 

2. Blackish purple PPqq 

3. Brown ppQQ 

or ppqq 

The interplay of these two factors results in the usual monohybrid and 
dihybrid ratios. Segregations for these three root pigmentations are presented 
in the following tables. Tables V-VII give simple monogenic segregations 
for one or the other of the two factors. Table VIII gives the diliybrid 
segregation. 

Table V 

Pure for Q and segregating for P 

(Roott^ blackish purplt^. to- Brown) 

' i i i3<'haviour of progeny 


( Jiniemtion 

Family No. 




■tlJUU I 



Root colour 








IBackish 

Blown 





piirpL' 


l^aronts 

A S 4068 

Blackish jiurjilt' 





„ 2380 

Brown 




Fi 

„ COLXXVill 

Blackish jnirpt* 





„ 0411 



3.10 

120 

j „ «412 

• • 


210 

75 

j 

'rolal 


565 

195 

i 

Fxpcctctl 3 : 1 rat io 


570 

190 

i 

i 



X-i-O' 1754 

P>0* .70 


A 8 6451 

Blackish jmrplc 


320 

1 12 

1 „ 6452 



272 

87 

! 6464 

* 


280 

93 

: „ 6460 



315 

107 


6456 . 



292 

102 


„ 6457 . 

• 


198 1 

63 

■ 

„ 6459 

99 


295 i 

98 


„ 6460 . 

99 


356 i 

121 


„ 6463 . 

99 * 


Pure 



„ 6458 

99 ^ m 


,, 1 




Tf)tal 


23il4 i 

783 



Expoi^ted 3 : 1 latio 


2337*75 

779*25 





==0*0240 

i'>0*80 
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J'he same experience was met with in 18 other families. Three of these 
gave a total of 410 plants with blackish purple and 146 plants with brown roots 
in the F 2 generation and the other 16 gave a total of 1306 blackish purple and 
384 brown rooted plants in the Fg generation. 


Table VI 

Pure for Q and segregating for P 

(Roots reddish purple to brown) 


OoneratioM 

Family No. 

Character of selection 

Behaviour of progeny 

Itoot colour 

Root 

Reddish purple 

colour 

Brown 

Paronts 

A S 3834 

Reddish purple 




„ 2487 . 

Brown 



t\ 

„ CCLXXIII 

Reddish purple . 



F, 

„ 6272 


287 

99 


„ 6273 . 


156 

66 


„ 5274 . 


326 

116 


„ 5276 

• • 

205 

69 

{ 


Total 

973 

339 

i 

! 


Expected 3 : 1 ratio 

984 

328 




-0*4918 

P>0*30 

l-’a 

AS 6067 . 

Reddish purpl<? . 

200 ! 

68 


„ 6071 . 

i Tf * • 

270 

88 


6072 . 

»> • * 

175 

62 


„ 6068 . 

>> • * 

Pure 



' „ 6069 . j 

i 

i 

! 

»♦ 

• • 


1 

! 

Total 

645 

! 

218 


i 

1 1 

I 

j Expected 3 : 1 ratio 

647-25 I 

216-76 

_ j 

1 

i 


X*«0*0312 

P>0-80 


The same experience was met with in 1 1 other families. Six families 
gave 2343 reddish purple and 922 brown in the Fj and the other five families 
gave 1316 reddish purple and 483 brown in the F, generation. 
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Table VH 

Pure for P and segregating for Q 


(Roots reddish purple to blackisli puiple) 


Generation 

Family No. 

Character of selection 

Behaviour of progeny 

Root colour 

Root colour 




Reddish 

purple 

Blackisli 

purple 

Parents 

A S 4249 

Reddish purple 




: „ 29 . 

Blackisli purple 



Fi 

1 CCLXVI 

Reddish purple 



Fg 

„ 5429 


435 

138 


„ 5430 

— 

392 

126 



Total 

827 

264 



Expected 3 : 1 ratio 

818-25 

272-75 



X*«0-374 

P>0-50 


F, 

' A S 6403 . 

Reddish purple 

151 

45 


„ 6306 . 

»> * • 

65 

25 


! „ 6307 

>» * 

64 

23 


i „ 6305 

tf • • 

1 Pure 



„ 6308 

Blackish purple 

1 

1 

Pure 



Total 

i 280 

93 


j 

Expected 3 : 1 ratio 

j 279-75 

93-25 

'i 

1 

X2«0-0008 

P>0*95 



The same experience was met with in 73 other families. Of these 21 
families gave a total of 6637 reddish purple and 1861 blackish purple in the 
Fa and the rest 47 families gave a total of 12,489 reddish purple and 4,123 
blackish purple in the F, generation. 

The dihybrid segregation involving the factors P and Q was pursued in 
cross A S CCLXXXII each parent contributing one dominant gene. The 
parents involved are A S 4664, a blackish purple root selection and conse- 
quently of the constitution PPqq, and A S 2487, a brown root selection of 
the constitution ppQQ- In the Fi generation both the dominant genes are 
brought together resulting in the reddish purple roots. In the Fg generation 
a dihybrid ratio was obtained. From the F* generation a number of selec- 
tions were carried forward to a third generation and as expected both the 
dihybrid and moqohybrid segregations yrere obtained, T^s experience if 
given in ^able YlH, 
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Table VIII 


Segregating for P and Q 

(Roots reddish purple, blackish purple and brown) 


Ooneration 

Family No. 

Character of selection 

Behaviour of progeny 

Root colour 

Reddish 

purple 

Floot colour 

Blackish 

purple 

Brown 

Parents 

A 8 4564 

Blackish pui’plc 





„ 2487 

Brown 




Fi 

„ CCLXXXII 

Reddish purple 





„ 6163 


268 

84 

101 


„ 6154 . 

»> * 

302 

98 

126 


„ 6156 . 

»» * 

283 

97 

126 



Total 

853 

279 

352 



Expected 9: 3 ; 4 ratio 

834- 76 

270-26 

371 


1 


X*«l-3739 P>0-50 

F. 

A S 6462 . 

Reddish purple 

166 

45 

63 


„ 6463 . 

»» • 

71 

26 

34 


„ 6464 . 

9f • 

63 

22 

31 



Total 

299 

93 

128 



Expected 9: 3 : 4 ratio 

292-5 

97-5 

130 



i 

X*«0'3828 P>0*80 


A S 6465 . 

Reddish purple 

120 

36 




Expected 3 : 1 ratio 

117 

39 





X*=0-3077 P >0-60 


A S 6461 . 

Reddisli purple 

153 1 


49 



Expected 3 : 1 ratio 

161-5 


60-5 




X» -0-0694 P>0-8() 


A 8 6466 

Brown . 



Pure 


6467 . 

>» • • • 



tf 


The same experience was met with in 28 other families. Sixteen of these 
gave a toteJ of plants with 3778 redchsh purple, 1216 blackish purple and 1663 
brown roots in the V, generation and the rest 12 farniW gave a total of 3063 
reddish pux|>le, 980 bhtokish purple mid 1354 brpwR roots in the F| generatioR, 
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iNTBB-BMiATIONSHIP OB' SHOOT AND BOOT PIGMENTATION GENES 

The inheritance of the factor pairs PCPC and PJPJ determining the shoot 
pigmentations, and of the factor pairs PP and QQ determining the root pig- 
mentations have been discussed in the previous pages. The inter-relationship 
of these four factor pairs will he dealt with in this part. The cross collations 
and linkages discussed in this part are from artificial crosses designed for the 
purpose. The linkage relationships are studied both in the coupling and in 
the repulsion phases and the segregations are pinrsued up to the third genera- 
tion. The results are discussed below. 

The factor pair PCPC is independent of QQ and is linked with P with a 
cross-over value of 18-0 per cent. The factor pair PJPJ is independent of 
QQ and PP. Hence it follows that these four pairs of genes are distributed in 
three pairs of chromosomes, PP and PCPC being located in one and the same 
chromosome. Data relating to the above relationship is presented in Tables 
IX— XIII. 

Table IX 

Crosses mth the factor pairs QQ and PC PC 


f 

i 


Behaviour of the progeny 

Shoot 

Boot 

Purple 1 

Green 

Goneration | 

i 

Family No. 

I 

Beddish | 
purple 

Blackish 
purple i 

Beddish 

purple 

Blackish 

purple 

• ———-I 

Parents I 

A S 367 


? i 

! 

— 

— 

i 

1 

„ 3404 . 


— 

— 

6 

F. 1 

„ CCVIII 

i 


1 


Fa 1 

„ 4391 

386 ; 

128 i 

131 

39 


„ 4393 . 

‘366 i 

124 

122 

38 


„ 4394 . 

392 1 

127 

142 

42 


„ 4396 . 

420 i 

134 

124 

30 


Total . 

1662 

613 

629 

149 

Expected 9 

: 3 : 3 : 1 ratio 

1548-66 

616- 19 

616-19 

172-06 



X*«3-6447 

P>0-30 


F* 

A S 5341 

166 

62 

68 1 

21 


„ 6346 

301 

96 

101 i 

36 


„ 5349 

266 

82 

87 j 

30 


„ 6360 

360 

111 

122 

41 


„ 6352 

166 

61 

56 

20 


„ 6363 

116 

41 

39 

12 


„ 6363 

260 

82 

93 

25 


„ 6364 

160 

66 

52 

18 


„ 6366 

143 

42 

47 

18 


„ 6368 

138 

43 

41 

17 


.. 6370 

24 

7 

7 

3 


Total 

2078 

662 

703 

240 

Expected 9 : 3 : 3 : 1 ratio 

2071-69 

690-56 

^ 690-66 

230- 19 


X»=l-8426 


P>0-60 
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The above experieaoe diows that FC is independent of Q. f^milar dihy* 
brid segiegationa aie obtained in six otiier families cmd the total figures are : — 


Shoot 

Purple 

Green 

Boot 1 

Reddish purple Blackish purple 

Beddish pui*ple ^ Blcu^kish purple 

Expected 

9 : 3 : 3 : 1 

1244 1 392 

1284*81 1 411*44 

1 386 ' 120 

1 411*44 133*81 


X*-41187 />>()• 20 


Tabus X 


Grosses tPtA the factor pairs PJ PJ and QQ 




Behaviour of the progeny 

Generation 

Family No, 

Shoot 

Deep purple 

1 Purple 


Root 

Reddish 

1 Blackish 

Reddish 

Blackish 




purple 

1 purple 

purple 

purple 

Parents 

AS 3447 



1 

i 

? 




..60 . 

— 

— 

<j 


F. 

„ ocxv 

F, 




F| 

„ 4766 . 

366 

118 

121 

46 


4767 . 

267 

91 

95 

32 


Total 

613 

209 

216 

78 

Expected 9 : 1 

3 : 1 ratio 

627-8 

209*2 

209*2 1 

6*98 


*•=-1*6402 

1 

P«0*60 


F, 

1 A 8 4850 . 

170 

50 

59 

18 


„ 4961 . 

71 

23 

20 

7 


4962 • 

236 

98 

94 

34 


Total 

477 

171 

173 

59 

Expected 9 : 3 : 3 : 1 ratio • 1 

496 

166 

166 

56 


X» = 1*6614 P>0-60 


From Table X it is evident that PJ is independent of Q. Similar 
dihybrid segregations vvere obtained in five other famiUes and the total of these 
comes to : 


Shoot 

j Deep purple 

Pur 

pie 

Root 

j Reddish piuple 

Blackish purple 

Reddish purple 

Blackish purple 

Expected 

460 

136 

134 

45 

9«3: 3 :1 

436*94 

146* 31 

146*31 

48*44 


X*-S0*82 P>0*30 
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Tabi-s XI 





Stgregaiions with the factor pairs PJPJ and PP 





Behaviour of the progeny 


Family 

number 

! 

1 

Shoot 1 

Deep purple 

Purple 



Root 

ReddiKh 

Brown 

RtxJd ish 

Brown 




purpl(3 


purple 


Natural cromea from Family 






A 8 1933— 







4774 

. 


375 

120 

128 

41 

„ 4775 



410 

135 

138 

48 

4776 

. 


270 

85 

88 

25 


Total 


1056 

340 1 

354 

114 

J^]xpecte(! 9 

: 3 : 3 ; 1 ratio 


1047*94 

349*31 

349*31 

116*44 




X» =0-4096 

P>0-90 


From Table XI it is seen that PJPJ and PP are independent. 




Table XII 





Crosses mth the factor jmirs 

PCPC and PP 





Behaviour of progeny 


tJoiioralion 

Family No. 

■ Shoot 

Fu 

rpic 

Grei'fi 



j 

Root 

1 

Purple 

Brown 

' ' ■ ■ 

Purph^ 

Brown 

l*arcnt8 

A S 2487 

1 


V 




„ 1746 . 


— 



- 


„ CCLXXV 



1 

— 

- 

F, 

„ 5276 . 

i 

213 

98 

90 

3 


„ 6277 . 

1 

286 

125 

122 

4 


„ 5278 . 

1 

660 

240 

266 




Total 

1049 

463 

468 

15 


OalculatcnJ 9 : 3 

: 3 : 1 ratio 

1122*2 

374*1 

374* 1 

124*6 




** = 141-8088 

P<0-( 
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The high value of x* shows that the distribution of the four groups does 
not conform to the normal dihybrid ratio. The P value is much below 0-01. 
Such a distribution of the four groups as that obtained above can be explained 
only on the assumption of a linkage between the factor PC for purple shoot 
colour and the factor P for the purple root colour. On this a sumption 
the recombination percentage was worked out and a value of 18 - 211 : 1 ’45 was 
obtained. On the assumption of linkage with a recombmation percentage of 
18, the expected distribution of the four groups is as follows : 

Shoot I Furple (ireen 


Root 

Purple 

Brown 

Purple 

Brown 

Numbers obtained . 

1049 

[ 

463 

1 468 

15 

Calculated (18 per cent crossingl 

1013-66 

482-59 

1 482-69 

16-16 

over) ! 


615 

1 

P>0-30 

i 


The value of x* =2- 5515 with P greater than 0-30 shows that the assump- 
tion of linkage with 1 8 per cent crossing over satisfactorily explains this devia- 
tion from the usual simple dihybrid ratio. 

From the family AS 6276, two more selections were carried forward 
and a third generation raised. Both these selections segregated repeating the 
experience of the Fg generation. On the assumption of the same linkage as in 
the F 2 with a recombination value of 18 per cent the distribution of the four 
groups is as follows : — 


Shoot Purple Green 


Root 

Purple 

; Brown 

i 

1 i 

Purple 

Brown 

A S 6080 .... 

192 

i 88 

82 

3 

6081 .... 

302 i 

160 

148 

4 

Total 

494 j 

238 

230 

1 

7 

Calculated (18 per cent crossing 
over) 

492-36 j 

1 234-40 

234-40 

00 

t- 


X*«0*2363 P>0-96 


The above linkage between the factor pairs PCPC and PP is in the 
repulsion phase. The same experience was obtained in the coupling phase 
al^, and the results are given in Table XIII. 
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Generation Family No. Shoot 

Purple 

j 

(Areeii 

i Root. 

Purfilo 

BroAvn 

Purple ' 

i 

Brown 

j 

Parents A S 60 . | 

9 




„ 4174 . 1 -- 

— 

— 

1 ^ ' 


Fj „ CCLVIIll 


1 

, 


Fj „ 5420 . 1 

442 

69 

65 1 

1 120 

„ 5421 . 

495 

70 

65 

130 

i Total . i 

937 

j 139 

130 

250 

Calculated ( 18 per cent crossing over) 

972*75 

! 119-25 

119*25 

244-75 


X2=6-6662 P>010 


From family A S 5420 two more selections were carried forw'ard and a 
third generation raised. The results are given below : — 


Shoot. 

Piirph 

, 1 

I 

G reen 


Hoot 

i 

Purple i 

Brown i 

j 



Purple 

Brown 

A S 6296 

. i 168 

34 

1 

35 

! 

55 

6297 

. i 276 

35 i 

30 

i 

61 

Total 

. ! 443 

69 

66 


116 

Calculated (18 per cent c 

•ross* ’ 462 • 99 

66*76 

'66-76 

j 

116*49 


X»=4-7006 P>010 


From the above experience it is evident that the factor PC for the purple 
colour of the shoot and the factor P for the purple colour of the root are linked 
with a crossing-over percentage of 18. 

PlOMBKTATION OF THE MBSOCOTYL 

A feature in which grass seedlings differ from those of other mono-cotyle- 
dons in general is the frequent presence of a segment inserted between the 
cotyledon sucker and the sheath which encloses the plumular bud. This 
segment is called the mesocotyl [Arbor, 1934]. 
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In sorghum, the mesocotyl grows to remarkable lengths and is the chief 
organ responsible for the emergence of the young shoot from the soil. 
When the seeds are sown near the ground level, the mesocotyl is short but if 
they are sown deep, the mesocotyl elongates and thus enables the shoot to 
emerge out of the soil [Rangaswami Ayyangar and Nambiar, 1934]. 

Under normal conditions the mesocotyl is always below the soil and it 
is found that in such cases it always develops the colour of the roots. If the 
roots are purple, the mesocotyl is purple. If the roots are brown, the meso- 
cotyl is likewise brown. It is noticed that long before the manifestation of 
the pigment in the roots, the mesocotyl develops the colour and is always an 
easy guide for determining the root pigmentation. The next step was taken 
to grow the mesocotyl above the soil in presence of light like the shoot. For 
this purpose, seeds were sown in trays filled with soil and grown in darkness 
for two to three days. The seedlings in darkness became etiolated and the 
mesocotyl region grew out of the soil to a very long length. When examined 
no trace of the pigment was seen either in the young shoot or in the mesocotyl. 
The trays were then taken out from darkness and exposed to light. Tlie 
shoots slowly developed their con-esponding pigmentation. It was very 
interesting to observe that the mesocotyl region also along with the shoot 
began to develop the shoot pigmentation. If the shoots were deep purple, 
the mesocotyls developed deep purple colour. If the shoots were purple, the 
mesocotyls were purple. In green shoots the mesocotyls remained colourless. 

Thus it is seen that the mesocotyl which under normal conditions is always 
below the soil and possesses the root colour when made to grow above the 
soil in presence of light develops the shoot colour. This difibrential response 
of this organ to the development of the pigment under diftbrent environmental 
conditions, behaving sometimes as shoot and sometimes as root, is very inter- 
esting and is probably brought about as a result of the change in function of 
this organ under the different environmental conditions. 

Summary 

The sorghum plant manifests several types of pigmentation in the seedling 
stage. Both the shoot and the roots develop different types of pigmentations. 
A classification of the seedlings is made based on both these shoot and root 
pigmentations. 

There are three types of shoot pigmentations, deep purple, purple and 
green. In the deep purple type, the coleoptile and the young shoot close on 
emergence from the soil are coloured deep purple, and in the seedling, the 
auricular leaf- junctions and the outer margins of the leaf-sheaths are coloured 
purple. In the purple type, the coleoptile and the young shoot are coloured 
purple, while the auricular jimotions and tho, leaf-sheath margins are not 
purple pigmented. In the green type, the coleoptile, the young shoot, the 
auricular junctions and the leaf-sheath margins are green without any purple 
in them. 

There are three types of root pigmentations, reddish purple, blackish 
purple aiid brown. These colours manifest when the seedlings are about 20 
or more days old* The reddish purple roots are brick-red with a tinge of 
purple colour in them. When ^ed they loose the purple tint and become 
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brick-red. The blackish purple roots are likewise black with a slight tint of 
purple. On drying the purple tinge di8apj>ears and the roots ultimately become 
black. In the brown type the roots are yellowish brown when fresh and 
on drying become brown to straw in colour. 

Based on these shoot and root pigmentations, sorghum seedlings are 
classified into nine pigmentation groups : — 

These seedling pigmentations have a definite relationship with some of 
the adult plant pigmentations. When the shoots are deep purple, the leaf- 
axils are likewise coloured deep purple and the leaf-junctions, the leaf-sheath 
margins and the nodal bands are coloured purple. When the shoots aie ])urple, 
the leaf-axils alone are (joloured purple and the other regions are green. When 
the shoots are green, all these regions including the leaf-axils are green with- 
out any trace of purple in them. When the roots are coloured ])urple, the leaf- 
sheaths and the glumes of the plant are also purple. When the roots are brown, 
the leaf-sheaths and glumes are likewise brown. The reddish juirple roots are 
associated with reddish purple leaf-sheaths and glumes, and the blackisii pur- 
ple roots with blackish purple leaf-sheaths and glumes. This relation between 
the seedling and the adult pigmentation is absolute and probably due to the 
action of the same genes. The mesocotyl develops either the root or the shoot 
pigmentation according as it is under the soil like the roots or grows above the 
ground (normally rare) like the shoot. 

In inheritance, a factor PC is responsible for the purple pigmentation of 
the young shoot. In its absence (pc) the shoot is green. A factor PJ acting 
in presence of PC makes the shoot deep purple and (colours the leaf-j unctions 
and leai sheath margins purple. PJ has no visible effect in the absence of PC- 
A factor P is present in the purple-coloured roots and absent in the brown. 
A factor Q makes the roots reddish purple ; Q results in bla clash purple roots. 
The factor PC is independent of Q and is linked with P with a cross-over value 
of 18 per cent. The factor P is inde])endent of PJ which again is independent 
ofQ. 
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EXPLANATION OF PLATE IX 


Tlie plate is divided into nine sections, numbered 1 to 9. In these nine section h 
are shown the nine pigmented types of sorghum seedlings and the related pigmented parts 
of the adult. 


Section No, 

Seedlings 

vShoot 

Roots 

1 

Deep purple ..... 

Reddish purple 

2 " 

Purple ...... 

?> ft 

3 

Green ...... 


4 ' 

Deep purple ..... 

Blackish purple 

5 

Purple ...... 

99 99 

6 

Green ...... 

99 99 

7 

Deep purple ..... 

Brown 

8 

Purple ...... 

ff 

* I 

Green ...... 

I, 


In each section, A represents a seedling five days old ; B leaf-axil : C leaf- junctions j 
D roots of a seedling 20 days old ; E inteinode with the kaf-sheath at maturity showing 
the nodal bands ; and F mature glumes enclosing a well-developed grain. 






11 ] 


8EMt)LING-Ai)lILT (X)L()tlU, IN SOftGliGM 


In the deep purple shoot type (Nos. 1, 4 and 7), the coleoptile and the plumule of the 
seedling A, the leaf-axil B, the leaf-junctions C and the nodal bands in E, are pigmented 
deep purple. In the purple shoot type (Nos. 2, 5 and 8), the coleoptile is light purple and 
the plumular leaves are merely tinged purple ; the leaf-axil is light purple, while the leaf- 
junctions and the nodal bands are green. In the green shoot type (Nos. 3, 6 and 9) the 
coleoptile, the plumular leaves, the leaf-axil, the leaf-junctions and nodal bands are 
green without any trace of purple in any one of these parts. 

In the reddish purple root type (Nos. 1, 2 and 3), the seedling roots D, the mature 
leaf-sheath E and the glumes F, are pigmented reddish purple. In the blackish purple 
type (Nos. 4, 6 and 6), all these parts are pigmented blackish purple, and in the brown 
type (Nos. 7, 8 and 9), these are brown. 
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D AMPING-OFF and seedling-blight diseases of cotton are caused in these 
provinces by Pythium sp., Macrophomina phaseoli Ashby, Bhizoctonia 
solani Kuhn., Bhizoctonia sp., Sclerotium Bolfsii Sacc. and Golleirotrichum 
indicum Past. These fungi often cause poor germination and considerable 
loss of seedlings. Trials were carried out for the control of these diseases 
by treating the seed. During the trials it was found that the incidence of 
these diseases is not annual and not always of the same intensity. The pre- 
disposing factors are excessive moisture caused by heavy rainfall and water- 
logging during the critical period, the first three or four weeks after germina- 
tion, when the seedlings are most susceptible to infection by these fungi, and, 
in the case of the anthracnose disease (Colletrotrichum indicum) of seedlings, 
the use of infected seed. For these reasons the value of seed treatment for 
the control of these diseases is not well established except in the case of the 
seed-borne anthracnose disease [Dastur, 1934]. However, there is evidence 
that the mortality of seedlings raised from disinfected seeds is less than that 
of seedlings fi om untreated seeds in years when there is an epidemic of these 
diseases. But these trials have shown the value of seed disinfection in in- 
creasing the yield. 

In Nagpur, these trials have been (jarried out since 1936 and for the last 
two years these treatments have been tried on some of tlie district farms 
as well. The seed treatments tried at Nagpur were dusting with Agrosan 
G, Hortosan B, Abavit 'B, Ceresan, finely powdered copper carbonate and 
sulphur, and delinting with sulphuric acid. The four proprietary fungi- 
cides were used at the rate of one ounce per 28 lb. of seed ; the two chemicals 
were used at the rate of two ounces per 28 lb. of seed ; for delinting the seed 
with sulphuric acid one part by volume of the acid was used for 20 parts by 
volume of the seed. 

It is a general practice amongst cultivators of the province to wet the 
(cott on seed with a cowdung solution so that, on drying, the fuzz is set and the 
seed passes readily through the drill. The fungicide in the powder form 
w as well mixed with the cowdung solution before it was applied to the seed. 

Delinting with sulphuric acid was carried out as described in a previous 
publication [Dastur, 1934]. 

In 1936 each treatment w^as tried on 1/40 acre plot and replicated 
three times. Each block consisted of these seven treatments and one con- 
trol. The three blocks were placed contiguously. The following yeatr these 
trials were repeated ; each treatment and the control were tried on 1/17 
acre plots and replicated three times. In 1938, these trials were again carried 
out with the same number of replications but each plot was 1/20 acre. 
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It was observed that the delinted seeds germinated earlier by a day or 
two than the other seeds. The plants in the control plots were at first 
smaller than those in plots sown with treated seed. This difference in growth 
was noticeable only up to about two months after sowing ; but when the 
flowering stage was reached, there was no visible difference in the size of the 
plants. 

The yield of hapaa (seed cotton) from the plots sown with treated seed 
was higher than that from the control plots during these three years. 

As the treated seed in tlie trials had given a liigher yield than the un- 
treated seed, it was considered desirable to increase the number of replications 
and to test only those fungicides which are readily procured in India and 
which can be easily used by the (uiltivator. Ceresan is not marketed in India ; 
delinting seed with sulphuric acid cannot be done l)y the ordinary cultivator ; 
therefore, these two treatments were not tried again. In 1939 and 1940, each 
plot was 1/20 acre and the replications were six; the treated and un- 
treated seeds were sown in randomized plots. The percentage of increase 
in yield from the five years’ trials are given below : — 


Troatnit^nt 

193(5-37 

1937-38 

1938-39 

1939-40 

1940-41 

Agrosaii (j| . . . 

14-4 

27 *0 

38 -3 

19 '0 

1 *7 

HortoHau B . . . 

9‘1 

20d) 

44-0 

21 -1 

21 -2 

Abavifc B , 

8-0 

13*9 

40 '3 , 

17 -5 

5 -9 

Ceretsaii .... 

16-3 

25 -9 ; 

25-9 i 



Copper carbonate 

25 -3 

24 9 i 

38 -9 ; 

8 -2 

12 - 

Sulphur .... 

15-2 

29*9 : 

33 -7 ' 

S 19-5 

12 *4 

Delinted H<‘ed . . . j 

8-7 

9 -9 

10-4 




In 1940, the monsoon was unseasonable and, when it broke, tlie rains 
were abnormally heavy and continuous ; the result was that all the six blocks 
could not be sown on the same day ; a block and a half were sown on 
30 June ; further sowing could not be done till 8 July when only 3| blocks 
could be sown ; the remaining sixth block could not be sown on account 
of rain. No further sowing was possible till 25 July. The fields got flooded 
and some of the plots sown on 8 July were under water for many 
days ; either seeds were w^ashed away or seedlings were killed. For these 
reasons the yield from only a few plots could be considered, those that were 
sown in the end of June and some of those that wore soAvn on 8 July. Last 
year’s results cannot be therefore compared with those of the previous four 
years, 
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In 1939 and 1940, three of these fungicides were tried out on the Akola 
Farm. Each plot was 1/4 acre and replicated four times. The plots were 
randomized. The percentage of increase in yield is given below : — 


1 

Troatment j 

1 

1 

! 

1939-40 

1940-41 

Agrosan G . 

i 11*3 

12-5 

Copper carbonate ....... 

! 11 -8 

i 

4-7 

Sulphur ......... 

10 -6 

1 -9 


At the Government Farm, Khandwa, in 1939 seed treated with Agrosan 
G and copper carbonate were sown on 0-3 acre plots with six replications. 
The control plot was also replicated six times. In 1940, the size of each of 
these three plots was 1/20 acre ; each plot was replicated six times. These 
trials were carried out in randomized plots. The percentage of increase 
in yield is given below : — 


Treatment 

1939-40 

1940-41 

Agroaan G ........ . 

i 

26-5 

10-4 

Copper carbonate 

12-4 

— i 

6*8 


On a demonstration plot at Amraoti, Agrosan G and sulphur treat- 
ments were tried in 1939 and 1940. The 1940 trials were vitiated on account 
of the unseasonal and abnormal rainfall, and therefore the results of the 
1940 trials cannot be considered. In 1939, seeds treated with Agrosan G 
and with sulphur were sown on two-acre plots each and the untreated seed 
was sown on a one-acre plot. The percentage of increase of yield from the 
plots sown with seed treated with Agrosan G and sulphur was 16*2 and 
11*6 respectively. 

On the Government Farm at EUiohpur in 1939, a field of 10 acres was 
divided into four equal plots of 2^ acres each ; one plot was sown with 
seed treated with Agrosan G, another plot with copper carbonate-treated 
seed and the remaining two plots were sown with untreated seed and alter- 
nated with the plots sown with the treated seed. The yield from the plot 
sown with seed treated with Agrosan G was 14*7 per cent higher than that 
from the control plots, but the yield from the plot sown with seed treated 
I^fjth copper carbonate was less by 19*4 per cent, 
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The following year these two fungicides were tried again on this Farm 
in two fields separated from each other. In one field each plot was 1/3 
acre and replicated five times. On the second field these trials were re- 
peated six times in randomized plots of 1/20 acre each. The percentage of 
increase in yield from these two plots is given below : — 


Treatment 

Field I 

Field 11 

Agronan G . 

12-6 

7 -G 

Copper carbonate . 

! 

7-6 

i 

5*3 


It is not possible to give a precise explanation for the lower yield obtained 
from the plot sown with copper carbonate-treated seed in 1939. But since 
the following year on two fields on the same Farm the yield was higher than 
from the control plots, it is permissible to assume that the lower yield in 
1939 could not be due to the treatment. 

In 1940, some of these treatments were tried at Borgaon and Yeotmal 
Farms. Each of the plots sown with treated and untreated seed was 1/20 
acre and replicated six times. The percentages of increase in yield are given 
below" : — 


Treatment 

Borgaon 

Farm 

Yeotmal 

Farm 

Agrosan G . 

. . • . 

2-0 

31 -2 

Copper carbonate .... 

. 

6*8 

19*0 

Sulphur ..... 

. . . . ! 

9-6 

32 -5 


The results of these experiments, which have been carried out for many 
years and on various Government Farms, show that chemical treatment of 
liotton seed increases the yield of hapas (seed cotton) ; the percentage of 
increase is variable, but is sufficient to justify the use of treated seed ; seed 
treatment is inexpensive and does not need any extra labour or skill or care. 
The treatment with fungicides not only ensures increase in yield but also is 
capable of destroying fungus spores, e.g. spores of the anthracnose fungus ; 
this disinfection of the seed would naturally ensure better germination and 
reduction in loss from disease, especially when conditions are unfavourable 
for quick germination. 
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STEM-BROWN DISEASE OF APPLE IN KUMAUN 
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(With PlateB X-XIV) 

A SERIOUS disease of apple stem caused by Botryosphoeria ribis Gross 
and Dugg. was recorded for the first time in India in August 1934 in 
the Government Orchard, Chaubattia (Kumaun), and a short note regard- 
ing the disease was given in the Annual Report of the Hill Fruit Research 
Scheme, Chaubattia for the year 1934-35. The specimen was sent to Mr 
Ashby, the Director of the Imperial Mycological Institute, Kew, who identi- 
fied it as Botryosphoeria ribis Gross, and Dugg. and he enquired whether the 
fungus in culture formed a red colour on starch or not, which the parasitic 
strains of B. ribis were known to produce. Since it produced this colour on 
starch in cultures, the fungus proved to be identical with J5. ribis. This 
fimgus has had a great variety of names appHed to it in its different stages. 
The ascogeneous stage is best known in Europe under the name of Botryos- 
phceria Berengerians de Not. In America it has been frequently called 
Botryosphoeria fuUginosa (M+N) E & E. The occurrence in the Hudson 
Valley of a destructive blight or wilt of currants was first described by Fair- 
child [1891] and ascribed to a * sterile ’ fungus. The importance of Botryos- 
phoeria ribis as a pathogene of currant and gooseberry was demonstrated by 
Grossenbacher and Duggar [1911]. They described the perfect stage as 
B, ribis. The imperfect stage common on many hosts is a Doihiorella, 
Putterill [1919] described a canker of apple trees in South Africa, which was 
caused by a fungus closely resembling Botryosphoeria ribis. He called it 
Botryosphoeria mali, the difference between it and B, ribis being in the width 
of asci and in the size of the stroma. Recently Stevens and Jenkins [1924] 
have shown that the fungus occurs on horse chestnuts and is parasitic on 
roses causing canker on the stem and sometimes killing the whole canes. 
An exhaustive history of the fungus and its host range is given by Smith 
[1934] who found the fungus to have a wide host range, including at least 
34 genera and 20 families of plants, one of which is the apple. Birmingham 
[1924] recorded Doihiorella mali as causing a stem disease of apples in Aus- 
tralia. Botryosphoeria ribis, thought to be the perfect stage of D, mali was 
found to cause rotting of apples by Fenner [1926]. Hopkins and Bacon 
[1938] recorded this disease on apple stem in Southern Rhodesia. 

Symptoms op the disease 

The disease starts from the pruned surface of twigs and stems and pro- 
ceeds downwards causing a type of die-back (Plate X, fig. 1). The upper 
(ipabs of the apple trees are more liable to the attack. It causes a loosening 
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I of the bark which becomes papery and brown and rolls outwards (Plate X, 
I fig. 2). On removing the bark, the wood is found to be stained dark brown 
I in colour and fissured both horizontally and longitudinally (Plate X, fig. 2). A 
I combined attack of the fungus and Coniothecium chomatospomm Corda, which 
I caused another similar disease, is often found to be present in the cankered 
I areas. The disease is noticed usually by the fourth week of April and is in 
I the most virulent form by the middle of May. In old herbarium specimens 
I pycnidia and perithecia are met with. Perithecia are rarely found in nature. 

‘ The mycelium of the fungus is found right up to the wood and is dark 
brown in colour, closely septate tending to form chlamydospores. The 
fruiting bodies, especially pycnidia of simple type, are formed just outside 
the cork-forming layer which is depressed by their growth. The primary 
cortex is raised to form marked protuberences. Compound pycnidia form 
small globular sclerotial bodies between the phellogen and outer cortical 
parenchyma of shoots and stems. 

Morphology op the fungus 


Pycnidia 

Two types of pycnidia are met with in the old diseased specimens of the 
apple stem. For convenience tliese two types will be referred to in this paper 
as pycnidia-A and pycnidia-B. 

Pycriidia-A 

They are very minute structures dotted all over the stem. Their con- 
ccptacles are sclerotioid, immersed, crowded with distinct ostioles in the 
mature stage and measure 0-25-0 *5 mm. There is a small stroma 
which is sometimes confluent. The central core of the conceptacle remains 
a solid pseudoparenchyma of thick -walled, soft cells, and around this in the 
hyaline part of the stroma irregular cavities are formed (Plate XII, figa^ 4 and 
5). These cavities become irregularly lined wiiii pycnospore-mother-celLs 
which form within them bacillar, allantoid spores measuring 9-12 x ±-l(X 
which are hyaline and apparently continuous. The spores seem to be set 
free by the dissolution of tlie spore-mother-cells and are thus endogenous. 

The pycnospores are regarded as sperraatia, and all attempts to germinate 
them have been unsucoossful. There are some points of resemblance of 
these to the filiform bodies figured by Klebhan [1933] for Sderophown sfrobi. 
This pycnidial stage of the fungus may well be termed the sclerophoma stage. 
These pycinidia-A are formed in the vicinity of stromata destined to give 
rise to perithecia. Spear [1910] also described a similar type of small, hyaline, 
cylindrical pycnospores measuring 2-3[iXl(x which he found on the host 
only and not in culture. 

Similar structures were also described by Grossenbacher and Duggar 
[1911], but they considered that these did not belong to the life-cycle of 
Botryosphrma ribis. The spores failed to germinate. Tulasne and Tulasne 
[1863] described and figured a similar stage for their DothiorelkL melanops^ 
now usually called J5. melanops (Tul.). 
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Pycnidia-B 

In nature pycnidia-B are found in greater abundance than pycnidia-A. 
They are minute, osteolate bodies (Plate X, tig. 3) and at times give out spore 
horns light pink in colour. They are either simple or compound stylosporio 
form (Dothiorella) and are borne in the same or similar stroma as the peri- 
thecia. 

Pycnidia-B are either single or in groups of two to six, globose, 
black, erumpent, ostiolate having a thick wall (Plate XII, fig. 1). They 
measure 126-394 x 111* 8-2 IO-jl ; the average size being 220*7x 166*3fi, 
The conidiophores are small, unbranched, hyaline, bearing pycnospores at 
the tip. The pycnospores are fusoid to oblong, elliptical, hyaline to sub- 
hyaline, unicellular and measure 9* 1-25* 6 X 5* 6-7* 7 g. ; average 17-52X 
6*8*jl (Plate XII, figs. Sa ^o). These pycnospores germinate readily in 
ta]) water within 8 12 hours and send out germ tabes from either end (Plate 
XII, figs. 6a-6f). 

Perithecia 

Tlie perithecia are not so commonly met with in nature as the pycnidia. 
They are round, top-shajjed bodies with papillate ostioles (Plate X, figs. 4 
and 5). They either occur singly or in groups of two to eight (Plate XTII, 
figs. 1 and 2). The stroma are black, more or less pulvinate, and measure 
from 0*5 to 5 mm. in diameter. The perithecia are sometimes interspersed 
among pyncidia. The perithecia measure 140*0-252 x 127 • 4-280|ji ; 
average 190*7 X 192 -Op. The asci are clavate, eight spored, hyaline and 
measure 36*4-112*0 x 14*0-18*9p; average 77*5 x 15*4|i (Plate XIII, 
figs. 3a, 4 and 5a-5d), The ascospores are biserate in arrangement, uni- 
cellular, hyaline, fusoid, elliptical to ovoid (Plate XIII, figs. 6 and 7a-7d) 
and measure 11*9-28*00 X 8*4-l2*6p; average 20*2 x 10*7|ji. The 
paraph y SOS are present and are filiform. The ascospores germinate in tap 
water at room temperature in 10 - 1 4 hours throwing out germ tubes 
from either end. (Plate XIII, figs. 8a-8d). Affected pieces of apple twigs 
bearing pycnidial structures were kept immersed in the snow for one month 
and, when examined in March, were found to contain mature and immature 
perithecia. What part the perithecia play in the spread of the disease is 
difficult to say, but at any rate there is clear indication that old affected 
twigs of apple bearing pycnidia if buried in the winter snow will undoubtedly 
be a potential source for the spread of the disease in the following spring. 

Cultural characters 

The cultural studies of the three isolates of Botryosphceria ribis, no. XXI 
(from single pycnospore), St-Br (from single aacospore) and 123 (from Holland) 
(Plate XIV, figs. 1 and 2) were carried out in detail on three media, Czapek's 
agar, potato -dextrose agar and Brown’s starch synthetic agar. 

Linear measurements of growth 

All the cultures were grown in petri dishes of equal size and the amount 
of medium in each was 10 c.c. Each treatment was replicated six times 
and the foirr measurements of each of the colonies were taken. All the 
petri dishes were kept at a constant temperature of 30°C. in an incubator. 
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It was noted that the isolate XXI grows best on Brown’s starch synthetic 
agar, the isolate St-Br, on Czapek’s agar and the isolate 123 on potato -dextrose 
agar. Thus all the three isolates differ from each other as far as the linear 
rate of growth of the cultures is concerned. 

Macroscopic and microscopic characters 

Macroscopic and microscopic cliaracters were also noted for the three 
isolates. All the isolates differ in macroscopic and microscopic characters. 

No pycnidia or perithecia were formed by any of these isolates in dark 
at a temperature of 30°C., but in light, at room temperature, the strain XXI 
formed pycnidia of ‘ B ’ type on potato-dextrose agar only, while the isolate 
of St-Br produced them in all the three media. Photographs of the three 
isolates growing on potato-dextrose agar are given in Plate XIV, figs, la-lc 
and the paired cultures in petri dishes are shown in Plate XIV, figs. 3a and 3b. 

Cultural studies of the saltants 

A saltant appeared in two culture flasks of the local strain No. XXI 
(Plate XIV, figs. 2a and 2b). They were given the numbers XXIa and XXI al. 
They were isolated and grown at 30"(!. on Brown’s starch synthetic agar] 
potato-dextrose agar and cornmeal agar for com])arison of cultural character 
with the parent strain No. XXI and also with the strain St-Br. All the 
cultures were kept in the dark. The principal difference was found to be 
in the rate of their linear growth which was faster than the parent, but slower 
than the isolate St-Br. On cornmeal agar and j)otato-dextrose agar both 
the saltants produced more broad and distinct zones than the parent isolates. 
None of them showed zonation on Brown’s medium. 

Inoculation experiments 

Two isolates of the fungus were taken. One of rhe strains numbered 
XXI was isolated from diseased apjile twigs bearing jiycnidia-B in bacto- 
agar from the growth of a single germinated pycnospore. The other strain 
numbered St-Br was isolated from a single ascospore. 

The two isolates differ from each other in cultural characters. They 
both produce the dothiorella stage but no perithecia. A third foreign isolate 
of Botryospheeria ribis received from Central Bureau Schimmelcultures 
Baam (Holland) which was numbered 123 did not produce even pycnidia 
but remained altogether sterile. All the three strains caused chromogenesis 
of starch in light. 

For establishing the pathogenic characters of the fungus the following 
experiments were carried out : — 

Entry of the fungus through injured surfaces 

In April 1937, 12 plants of Esopus Spitzenberg grafted on seedling stocks 
(age of the graft was one year) were selected. In all cases the upper portion 
of the stem was injured aseptically at three places, and the inoculum was 
placed over the injury which was then covered over with wet alsorbant 
cotton and finally with cellophane bags (Plate XI, figs. 1 and 2). On the 
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lower portions of the stem the inocula were placed at three uninjured places 
and similarly covered. Thus we have the following arrangements : — 

1. Plants A, B and C inoculated with culture No. XXI 

2. Plants D, E and F inoculated with culture No. St-Br 

3. Plants G, H and I inoculated with culture No. 123 

4. Plants J, K and L uninoculated controls 

All the inoculated and control plants were kept inside a glass cage the air 
of which was kept constantly humid. After about a month only the injured 
spots were observed to have taken the infection, while the uninjured ones 
and the controls remained unchanged. 

The inoculated portion at fost becomes depressed and becomes light 
brown in colour. The area of the stem below and above the inoculated por- 
tion also turns h’ght brown, its bark becoming thin and papery. In advanced 
stages the whole of the infected stem turns dark brown and gets studded with 
innumerable pycnidia which when mature give out light pink spore horns 
(Plate XI, figs. 1 and 2). They were all B type of pycnidia, belonging to 
dothiorella stage of Botryosphcnria ribis. Pycnidia-A did not appear in any 
of the infected portions. Perithecia were observed the following year (in 
December 1938). The progress of infection in all cases v^as very slow. 


Cross -IN ocula tion bxpe rimen ts 

Isolate No. XXI was used in the cross-inoculation experiment. The 
six immature twigs of each of the six pear, peach, apricot and chestnut plants 
seedling stock (one year old) were cut aseptically with a pair of pruning 
scissors, inoculated with the mycellium of the fungus and covered over with 
cellophane bags. In the control, a drop of sterilized water was used instead 
of the culture. For the sake of comparison the culture of isolate XXI was 
inoculated on six immature twigs of apples in six plants. All the plants 
were kept inside a big glass cage and the inside of the cage was kept humid 
by spra,ying with water from time to time. The experiment was carried out 
on April 1938 and the infection was visible after a fortnight in all the ino- 
culated twigs. In each case the fungus was reisolated on oatmeal agar and 
resembled the isolate culture in all respects. Thus it was proved that the 
strain No. XXI of Botryosphceria ribis Gross, and Dugg. could easily infect 
through injured surfaces of twigs ol pear, peach, apricot and chestnut. In 
some cases pycnidia-B appeared on the affected areas of the inoculated twigs. 

Sources of infection 

It was observed that on the already infected shoots pycnidial structures 
developed by the beginning of April but mature dothiorella type was not 
found till later. Mature pycnidial structmes were only met with in the upper 
portion of diseased twigs, the lower portion having only immature pycnidia. 
In the latter part of May, and early June immature perithecia appeared in 
large numbers among the pycnidia. The dothiorella type of pycnidia, which 
was more numerous later on in the season continued to ooze out pinkish 
spore horns till the month of July. Ascospores appeared in June and were 
copious during the middle and later part of July. Field observations have 
shown that fresh infections through injured uncailused surfaces of stem and 
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twigs occur in June and July when the spores were abundantly produced. 
The diseased areas became prominent in tlie following season. The spores 
seemed to be carried by rain water only. WJiat part, if any, insects play in 
<he dissimination of spores was not observed. The pTuned diseased twigs 
and stems left in the orchards also seiwe as a potent factor in the fresh infec- 
tions. 

Methods of control 

As the fungus can only enter throiigli tlie cut primed surface of the apple 
stem, any suitable paint caj)al)le of preventing the entry of the fungus will 
be an effective method of controlling the disease. 

Experiments carried out in 1938 

In 1938 a control experiment was started to find out a suitable paint for 
covering the pruned surfaces of apple twigs as a protection against the entry 
of the fungus. This experiment was done in two sets — one for mature twigs 
and the other for immature ones. For each set 12 old trees were selected at 
random spread all over the orchard. 

The following six treatments each replicated six times were carried out 
in eacdi tree : — 

(i) Untreated (uninoculated) control I 
{ii) Untreated (inoculated) control II 

Treated with red lead-copper carbonate paste followed by inocu- 
lation. (The paste was prepared with 100 c.c. of raw linseed oil and 
2 oz. each of red lead and copper carbonate.) 

{iv) Treated with red lead-Bordeaux powder paste followed by ino- 
culation. (This paste was prepared with 75 c.c. of raw linseed 
oil and 2 oz. eacb of red lead and dried precipitate of 4 : 4 : 50 
Bordeaux mixture.) 

(v) Treated with mercuric chloride solution followed by Bordeaux 
paste and then inoculated (the pruned surfaces wore first wetted 
with 1/1000 HgClg and after it dried they were painted with 
Bordeaux paste). (The Bordeaux paste was prepared by mixing 
4 oz. of dried precipitate of 4 : 4 : 50 Bordeaux powder with 
100 c. c. of raw Unseed oil.) 

(m) Treated with self-boiled lime-sulphur paste in raw linseed oil and 
then inoculated. (This paste w^as prepared with 4 oz. of self- 
boiled Ume-sulphur, the proportion of quick lime and sulphur 
being 2 : 2 mixed in 100 c.c. of raw linseed oil.) 

After the paints dried, the treated and untreated portions were inoculated 
six times wdth the culture of the fungus No. XXI, covered over with steriUzed 
wet absorbant cotton and then with cellophane bags. 

The inoculations were repeated from the middle of April to the middle of 
August at an interval of a fortnight. After about a month the twigs were 
examined in the laboratory. 

The percentage of infection and the comparison of various treatments 
are given in Table I. From these tables it is evident that the paste of red lead 
and copper carbonate in raw^ Unseed oil w'^as the best paint for both mature and 
immature twigs, to prevent infection of their pruned surfaces. 



Table I 

*/ different treatments { 1938 ) 
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Dey and Singh [1939] found the paste of red lead with an equal amount 
of copper carbonate in raw linseed oil to be the best for controlling the stem- 
black disease of apple trees caused by Coniothecium clumaiosporum Corda, 
which like the stem-brown disease always started from the pruned surfaces. 

Thus by using the same paint it Is possible to control both the stem- 
black and stem-brown diseases of apple trees. 

Experiments carried ont in 1940 

In 1940, another control experiment was started with a view to finding 
out whether lanoHne, which is known to hasten the formation of callus, is 
also effective in warding off the disease. Both mature twigs, | in. thick, and 
immature twigs of the apple variety Jonathan were used. Twenty-four 
trees, 12 for mature twigs and 12 for immature ones, were selected at random 
in the orchard. The following six treatments each replicated six times were 
carried out in each of the 12 trees 

(i) Untreated and uninoculated (control I) 

(ii) Treated with lanoline and uninoculated 
(Hi) Treated with lanoline and inoculated 

(iv) Untreated and inoculated (control II) 

(v) Treated with lanoline mixed with an equal amount of red lead and 

copper carbonate and inoculated 

(vi) Treated with red lead and co[)per carbonate in equal amounts 

mixed with raw linseed oil and inoculated 

After the paints dried the treated and untreated portions were inoculated 
with the culture of the fungus No. XXI, covered over with wet absorbant 
cotton and then with cellophane bags. Six inoculations were done after 
intervals of a fortnight. Twenty days after the last inoculation the twigs 
were examined in the laboratory. 

The mean percentage of Infection and the comparison of different treat- 
ments are given in Table II. 

The following conclusions were arrived at : — 

1. Treatment v (a paste of red lead and copper carbonate in equal 

amounts in lanoline) is significantly better than all the other 

treatments 

2. Lanoline alone (treatments ii and iii) is unable to stop the entry 

of the fungus 

3. Treatments i, ii, iii and iv are not significantly different 

from one another 

4. Treatment »;i (a paste of red lead and copper carbonate in raw 

linseed oil) is significantly better than treatments i, ii, iii 

and iv : — 

(o) v>i=ii=iii=iv 
(6) vi>i=ii=iii=iv 
(c) v>vi 

Discussion 

This disease is primarily the disease of currants and was first noticed by 
Fairchild [1391] in the Hudson Valley. In 1896 the currant growers of 
Marlboo brought the disease to the attention of the New York Agricultural 
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Station. At this time Durand of Cornell University was investigating a 
similar currant disease found in western New York [Durand, 1897]. Nectria 
cinnabarina was named as the cause of the disease. In 1899 extensive obser- 
vations carried out by Crossenbacher and Duggar [1911] established the fact 
that the currant blight occurring in the Hudson Valley is not caused by 
Nectria cinnabarina but by Fairchild’s [1891] ‘ sterile ’ fungus. In 1907 
the thorough study of the fungus was comi)jeted by Grossenbacher and Duggar 
[1911]. Putterill [1919] described a canker of apple trees in South Africa 
and named the fungus Botryosphwria mali which differed from the currant 
fungus, B. ribia, in the width of its asci and the size of the stroma. Shear, 
Stevens and Wilcox [1925] believed that this fungus was not different from 
B, ribia. 

Fenner [1925] described a fruit rot of apples caused by B. ribia, Birming- 
ham [1924] described a canker of apple trees in South Wales. In 1934 Smith 
[1939] described the host range of the fungus and found that it included a 
list of 34 genera and 20 families of plants. This is a fungus of the type figured 
and described by Tulasne and Tulasne [1863] as Dothidea mclanopa, later 
on made into the type species of a new genus Melanops by Nitschke [1869]. 
(>esati and Notaris [1863] founded another new genus BofTyosj)h(vHa in which 
the forms like D. melanoj)a were included, along with some pharagmosporic 
forms. It is claimed, however, that since Gibberella pidkares (Fries) Sacc. 
may have been taken as a type species of Botryosjdimria, Nitschke’s Melanops 
[1869] should be used for forms like the original Dothidea ynelanopa Tub 
However, Saccardo [1892] re-defined the limits of the genus Bolryosphairia by 
excluding the forms which develop septate spores. Even thougl) the generic 
name Mclanopa may replace Botryosph(vria for fungi of this ty})e because 
apparently the type species of the later was siibsecjuently transferred to 
Gibberella^ it seems unnecessary to revive an unused name for the isolated 
case involved in the investigation. 

The presence of the two types of pycnidia and one type of perithecia in 
the life-history of the fungus makes the dissimation of the sj^ores very active 
in causing primary infections. The comparative measurements of fructifica- 
tion from different hosts by various workers are given in Table III. From 
these comparative data it will be seen that the Indian strain very closely 
resembles Botryoaphceria ribia of Gross, and Dugg. The slight differences in 
the measurements of fructifications and spores may have been due to environ- 
mental differences. 


Summary 

The stem-brown disease of apple is caused by Botryoaphceria ribia Gross, 
and Dugg., and usually starts from pruned surfaces and proceeds downwards 
causing a type of die-back. 

Two types of pycnidia are found. Pycnidia of the Sclerophoma type are 
small and the pycnospores are bacillar, allantoid, and do not germinate. 
The other type of pycnidia are of the Dothiorella type, either single or in groups, 
and the pycnospores are fusoid to oblong, elliptic, hyaline to subhyaline, 
unicellular and germinate in tap water in 8-12 hours. The perithecia are 
found rarely in nature. These are either single or in groups of two to eight, 
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top shaped with ostioles. The asci are clavate, eight spored and hyaline. 
The ascospores are biseriate, unicellular, hyaline, fusoid, elliptical to egg- 
shaped. Paraphyses are present and are filiform. These ascospores germinate 
readily in tap water in 10-14 hours. 

Two isolates of the fungus were taken, one from a single pycnospore, 
the other from single ascospore. A third foreign strain was also included in 
the study. The cultural studies of the three strains were carried out on 
Czapek’s agar, potato-dextrose agar and Bro\^n’8 starch synthetic agar, and 
it was found that the strain XXI grew better on Brown’s starch agar and the 
strain (St-Br) grew best on potato-dextrose agar. The macroscopic and 
microscopic observations were also recorded. 

All these three strains were found to cause infection of apple twigs through 
both injured and uninjured surfaces. The progress of infection in all cases 
was very slow. 

One of the three strains was cross-inoculated on cut twigs of pear, apricot, 
peach and chestnut and was found to infect them. 

The cultural studies of the two saltants and the two parents were carried 
out on three different m9dia — -Brown’s starch synthetic, cornmeal agar and 
potato-dextrose agar. The strain St-Br grew best in all tliree media ; one 
of the saltants XXIa grew better than the parent and other saltant XXIa I, 
grew best in all the three media. 

Pycnospores from the dothiorella type of pycnidia and, to a lesser extent, 
ascospores carried by water serve as the potent factor for fresh infections. 
Fresh infections take place from May to July. 

A mixture of red lead and copper carbonate in equal amounts in raw 
linseed oil when applied as a paste on the cut pruned surfaces of apple stem 
effectivety controls the disease. 

A paste of red lead and copper carbonate in equal amounts in lanoline is 
significantly better than a paste of red lead and copper carbonate in equal 
amounts in raw linseed oil. 
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(With Plates XV-XVII and one text-figure) 

T IFE most eooiionuc and widely accepted method of propagating citrus 
fruits both in India and elsewhere is by shield-budding a selected scion 
variety on a suitable rootstock. The success of the combination is markedly 
affected by both soil and cJimate, since it is well known that a given rootstock, 
which is satisfactory in one country or locality, may be a complete failure 
in another [Brown, 1920 ; Powell, 1930 ; Toxopeus, 1937 ; Webber, 1925]. 
Furthermore, certain rootstocks are known to exert a considerable influence on 
the vigour, cropping, etc. of the scion varieties budded or grafted on them 
[Brown, 1920 ; Bonus and Mertz, 1916 ; Batchelor and Webber, 1939 ; Hatton, 
1927 ; 1928-29 ; 1931 ; 1935 ; Hodgson and others, 1937 ; Quinn, 1932 ; Rogers, 
1926 ; Rogers and Vyvyan, 1928 ; Singh , 1936 ; Ty deman, 1926-27 ; Webber, 
1934 ; Richards. 1938], and certain scions under appropriate conditions show 
an ecjiially notic^eable effecjt on (certain rootstocks [Amos and others 1930 ; 
Brown, 1920 ; Halma, 1934 ; Hass and Halma, 1929 ; Hatton, 1923 ; 1927 ; 
Hodgson and others, 1937 ; Roberts, 1929 ; 1931; Swarbrick, 1927 ; 1931 ; 
Tukey and Erase, 1933 ; Webber, 1919 ; Wormald and Grubb, 1924 ; Vyvyan, 
1930]. Recent rootstock investigations, especially in England and America, 
where considerable work has already been carried out on the problems 
arising directly from the twofold structure of a fruit tree, have tended 
to em})hasize the need for standardized material for all types of investigation. 
In these countries the growei*s are at a much greater advantage than their 
contemporaries living in more backward places, for they will now plant 
only such scion -stock combinations as have been proved suitable to their 
conditions. 

In our own country, excepting the preliminary work of Brown [1920], 
Shrivastava [1920] and Prayag [1920], little experimental evidence is available 
concerning rootstocks for use with the various cultivated species of citrus. 
Growers have vague and varied impressions of the so-called ' rootstock effect ’ 
and it is, therefore, not surprising that all sorts of rootstocks are in common 
use. The prevalence of low yields, inferior fruit quality and the early decline 
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of large number of trees is due in a large measure to the promiscuous use of 
miscellaneous rootstocks by Indian nurserymen. 

The available evidence on rootstock investigations points to the fact that 
the performance of a budded or grafted plant is an expression of the reciprocal 
effect of the two symbionts. On this basis rootstocks have been designated 
as vigorous or dwarf, etc. but since the vigour of different scion varieties 
and species on the same rootstock is known to be different [Hatton, 1935 ; 
Roberts, 1929], the terms vigorous and dwarf must be regarded as purely 
relative. Not only this, the recent findings of various workers [Barker, 1927 ; 
Roberts, 1929 ; Singh, 1936 ; Tukey and Erase, 1933] show that a scion variety 
has apparently an inherent growth capacity which it normally exhibits, a 
capacity which may be dwarfed very considerably but which apparently 
may not be increased beyond a very small amount. This conclusion leads 
directly to the suggestion that in all oases, where rootstock influence is a limit- 
ing factor to tree size, it is of a dwarfing character. Roberts [1929] goes even 
as far as to suggest a classification of rootstocks on this basis. According 
to him the so-called vigorous rootstocks of Hatton [1926] are really neutral 
since they do not, in any way, limit the free development of the scion. Dwarf- 
ing rootstocks, on the other hand, are dominant since they do not allow the 
scion to develop to its natural capacity. 

The present study forms part of a programme of rootstock investigations 
designed to determine the most suitable rootstocks for sweet orange (Malta), 
mandarin (Sangtra) and grapefruit in the Punjab, and was carried out during 
the years 1937-40 upon material planted at Montgomery in February, 1937. 

The period of study covers only the vegetative phase of these trees. In 
view of the fact that growth responses ma}’' considerably change during de- 
velopment and maturity, it is essential that the evidence of rootstock in- 
fluence concerning the two phases of the life of fruit trees should be discussed 
separately, and it is on this account that the results to date are reported at this 
stage. 

Expbkimental material 
Preparation of the material 

Nearly all the important varieties of citrus rootstocks were collected 
from various parts of India and Ceylon, partly to prepare the materixl for root- 
stock investigations and partly to make an enquiry into the distribution of 
different varieties of citrus so as to report on their nomenclature. The latter 
work will be dealt with in a separate communication. 

Seeds as well as cuttings of the rootstock varieties were, as far as possible, 
obtained from the same parent tree in each case. Both seeds and cuttings 
were planted at the same time, viz. September 1932. Both the apogamic 
seedling rootstocks well as those that could also be propagated by the root- 
ing of stem cuttings were budded over in August 1936, at a uniform height of 
nearly 9 in. from the ground level, which is the practice commonly fol- 
lowed in the Punjab. It is obvious from the foregoing that the rootstocks, 
whether raised from seed or by the rooting of stem cuttings, were of uniform 
age at the time of budding, but it by no means follows that they were of the, 
same vigour. Even within any given rootstock, the progeny differed con- 
siderably with respect to height and thickness. However, only fairly uniform 
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individuals in each lot were selected for budding and the variants were dis- 
carded as advocated by Webber [1920 ; 1932]. As a rule, nearly all the 
varieties made growth of sufficient vigour to allow of the budding operation, 
but some rootstocks definitely made much better growth than others. 

The experimental material was prepared according to the established 
nursery practice followed all over the province. Seeds were sown in raised 
seedbeds in September 1932. The seedlings were dug up in September 
1933 and the uniformly vigorous ones only were transplanted in nursery- 
beds. The stock became fit for budding in September 1 935, viz. two years 
after transplanting, when uniformly vigorous seedlings were budded by a 
single operator. The budded nursery trees were transplanted in another 
piece of land at Lyallpur in September 1930 before finally planting the same 
in the orchard in February 1937 at Montgomery — a place about 200 miles 
from Lyallpur. 

The transplanting of budded trees in the nursery, y)rior to final planting 
in the orchard, is not usually practised. But, in this particular case, the 
operation was considered necessary. 

Three scion varieties, namelv Malta local {Citrus sinensis Osbeck), Sangtra 
local ({7. nobilis var. deliciosa Swingle) and grapefruit {C. maxima var. ( 'vacarpa 
Merrill and Ijee) were budded in August 1935 on to each of the several root- 
stock varieties propagated from seed and cuttings. Altliough the preparation 
of genetically identical material could hav^e been advantageously effected by 
placing scion buds gatliered from a siri"le tree on to carefully selected apogamic 
seedlings [Webber, 1932 ; Imp. Bur. Fruit Production Tech. Com., 1932], yet 
clonal vegetatively raised material was also used in oHer to answer such 
questions of practical and economic importance as (1) Will the vegetatively 
propagated rootstocks differ from the apogamic seedlings in their influence on 
the scioif variety notwithstanding the similarity of their genetic build-up ? If 
so, how and to what extent and degree ? (2) How will the variability in the 

two sets of material as regards vigour, etc. determined at planting time com- 
pare later in the life-history of the experiment ? A further point of particular 
interest is the utility of the various rootstocks for Malta, Sangtra and grape- 
fruit, under conditions similar to those where the ex}>eriments are conducted 
This will be determined by investigations into the influence of rootstocks on 
scions as regards (a) growth and vigour, (6) productivity, (c) fruit quality, {d) 
resistance to diseases and (e) longevity. Information regarding all these 
points will be made available when the data collected is sufficient to justify 
their pubfi cation. 

Description of the material 

As stated before, the experimental material broadly consists of two sets 
of groups. In one set, the three scion species are budded on to the several 
rootstocks raised from seed ; in the other set, the same three scion species are 
budded on to vegetatively propagated rootstocks. W’ith a few exceptions, 
the rootstock varieties of the experimental material are the same in both the 
sets. For convenience of reference these sets will be designated as set A 
and set B. Set A constitutes the three scion-stock groups prepared by bud- 
ding three scion species on several rootstocks propagated from seed, and 
set B inoludeg the other three groups prepared by budding the same three 
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soiou species on the rootstocks that were propagated by vegetative means* 
The specifjdng numbers allotted to the rootstocks in both sets of groups 
are purely arbitrary and are not based on any systematic study. 

The various scion-stock combinations in sets A and B are tabulated 
in Table I. 

Table I 

Different scion-stock combinations under experiment 


Namo of scion-sfcook combination 


No. of trees under 
study 


Set A. — (i) Malta local on rootstocl^ No. 43 
Ditto 21 

Ditto 20 

Ditto 50 

Ditto 9 

(it) kSaiigtra local on rootstock No. 43 

Ditto 9 

Ditto 21 

Ditto 20 

Ditto 50 

(in) (Irapefruit on rootstock No. 43 
Ditto 20 

Ditto 47 

Ditto 50 

Ditto 0 

8t^t B. — (?) Malta local on rootstock No. 20 
Ditto 43 

Ditto 50 

Ditto 9 

(ii) KSangtra local ou rootstock No. 43 

Ditto 20 

Ditto 0 

Ditto 50 

(ifd) ('Irapefruit on rootsto<'k No. 43 
Ditto 20 

Ditto 50 

Ditto 9 


The material in sets A and B is planted separately in contiguous fields 
but the lay-out, viz. arrangement of plots, position of main water channels, 
block water channels and position of paths, etc. is uniform in each case. 


Lay-out 

It is evident from the foregoing section that sets A and B have each three 
different groups of scion-stock combinatoins, depending upon the number 
of scion varieties employed. There are thus in all six different groups of 
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experimental material planted in six different fields. The randomized 
block method, being most adaptable to field experiments in horticulture, 
is the one here adopted. The Plot g 

arrangement and distribution 

of different scion-stock combi- — f 

nations within the plots is ex- 

plained by Fig. 1 . The method ‘ I ' I • B%l ' * 

of lay-out of each field is the ^ ^ 

same as shown in this figure. A R r ™ r rar * 

A glance at the lay-out, , . . ® ^ . « 

given in Fig. 1, shows that ^ 

there are seven rootstocks J L ‘ * 

under trial in set A, of which a ' ‘ ‘ ra * 

comparative study of only five • • • • • ra » 

is reported in this paper. The E G B A C uM 

position of the trees on root- ' fidfl ‘ ' ” 

"stocks 44 and 1, which have * I ' Wi ' I ‘ I ’ wB * I 

not been dealt with, is shown ‘ feHl ‘ I ‘ B3S ' i * I i 

by shaded sub-plots in the . m , 

figure. These two rootstocks piot^ ^ ^ Central 

have turned out to be horticul- ffl Era " 

turally the same as No. 20 ~~ liiir* ~ ~~ * 

(rough lemon). Thus, rough ’ ‘ * 

lemon is represented thrice in Dr ^ * 

each replicate, whereas each of BE G A k, 

the four remaining rootstocks ' ’ 

is represented only once in each -iJ-lJHBiffll I ' I JJLl 

block. With a view to keeping • • • • ^ « 

uniformity in the numbr of re- .... ^ 

plications (one sub-plot to re- G C B E 

present each treatment in each .... w . h k 

block) it was necessary to select |W~r'~~T . Birr > 

one out of the three identical fjjj ^ 

varieties originally planted; No. ' • • ' • '' 

20 was selected because in set ~ ^ ° 

B, rootstocks 44 and 1 were m ^ 

not included for trial and only p M— 1 ■: . J • BW I ' « * | 

20 was used. 


Fig. 1. The distribution of seven scion-stock combinations in six blocks in plot No. 
A. Malta local on rootstock No. 20* B. Malta local on rootstock No. 9 
C. No. 21 D. ,. „ No. }♦ 

K. >• No. 43 F. ,, ,, No. 44* 

G. Malta local on rootstock No. 50 


Exporimental trees 


X X X X X X Non-experimental trees 
"“Water channels 


^Kootstooks No. 20, 1 and 44 are found to be one and the same. 
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The piece of land for each experiment is divided into six blocks of similar 
dimensions. Thus, six replications are provided for each series of scion-stock 
combination. Each block in turn is divid(Ml into as many plots of equal size 
and shape as the number of rootstock varieties to be compared. The alloca- 
tion of scion-stock combinations to particular plots was determined by drawing 
lots, as a result of which each combination is represented once in each block. 
The dimensions of the plots vary from 20 ft. x 60 ft. to 20 ft. x 80 ft. depend- 
ing upon the number of trees planted. In other words, a unit of three to 
four trees of any particular scion-stock combination is replicated six times, so 
that there are 18-24 trees of this in any one experiment. * 

The planting of all the six experimental fields follows the sqm* re system. 
A uniform distance of 20 feet from tree to tree and row do row is being 
adopted. 

Due attention was given to the variability within the experimental mate- 
rial at the time of planting. The trees within each lot were roughly graded 
according to vigour and planted in such a way as to include only fairly uniform 
ones of all combinations in each block. There being six blocks placed end to 
end in each case (Fig. 1), the varial)ility within the material is allowed for in 
block variance when computing the data. 


Methods employed 

Soon after planting the material in 1937, trunk circumference measure- 
ments of all the trees were taken at a uniform height of approximately one 
foot from the ground level. The places of measurement were marked with 
white paint so that the girth measurements could be taken at a fixed point 
year by year. The union of the scion with the rootstock was invariably 
below the place of measurement. 

The girth measurements were taken again in 1938, 1939 and 1940 at yearly 
intervals with a view to determining the growth response during early years 
of the various scions growing on different rootstocks. The girth measure- 
ments serve as a measure of the vigour of the trees in these trials. The data 
regarding girth, for all the years, have been examined statistically by the 
analysis of variance [Fisher, 1934]. The differences above the 5 per cent 
level only are taken as significant. On the basis of the information thus 
gathered the various scion-stock combinations have been grouped so as to show 
at a glance their behaviour from year to year. 


Distinguishing names of the KOoasaocK VABiiaiES employed 

The morphology and other characters of the rootstock varieties em- 
ployed in this study along with others in the collection have been studied 
during the last two years in order to clarify their nomenclature. This work, 
when completed, will be published separately, but in the meantime the root- 
blocks under trial have been properly identified as follows : — 
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Table II 


Distinguishing names of the rootstock varieties under trial 


Names under 
which received 

Arbitrary 
specifying 
numbers 
allotted as 
referred to in 

1 this paper 

I 

i. 

Popular 
local 
names in 
the Punjab 

English 

equivalents 

Specific names 

1. Mitha , 

i 

50 

: 

Mitha 

Sweet lime . 

C. aurantifolia var. 
Swingle 

2. Khatti . 

20 

Jatti khatti 

Rough lemon 

C. limonia Osbeck 

3. Chakotra 

47 

Chakotra . 

Shaddock 

(7. maxima Merrill 

4. l^uranj 

0 

Mokari 

Citron . 

(7. medica Linn. 

5, Kfuirna khatta 

43 

Khama 

khatta 

Nil 

C. karna Raf. 

6. Nasnaran 

21 

Nil 

1 

Nil 

(7. japonica Thumb 


Beside the six rootstocks mentioned above, another apparently distinct 
species, viz. khatta (C. aurantivm Linn.) was also included, but on studying 
its morphological characters it was found to be really rough lemon. It is 
evident that the material used as rootstocks does not include species like 
Citrus aurantnm, C. nobilis and C. sinensis, etc. These species, especially 
the first one, are probably indigenous to India, and maj^, therefore, have great 
possibilities as rootstocks in view of the fact that they iire already in use 
in some of the citrus-growing countries of the w orld [Coit, 1927 ; Hume, 1930 ; 
Powell, 1930]. In preparing further material, these species will be included 
as well as others that are now growing in the rootstock collection plot at 
.Montgomery. Furthermore, certain points of practical importance regarding 
these rootstocks are being studied in preparation to a further and more ex- 
tended trial of rootstock material. 

Presentation of results 

As mentioned in previous sections, the girth measurements of all the 
trees constituting the various scion-stock combinations were taken annually 
(1937-40) as an index of their vigour as influenced by t he root stocks on which 
they were stem-budded. Thedatafor 1937 relatestothe behaviour of maidens 
as at the time of planting in the orchard, that for 1938 as the behaviour of 
one-year old plants and that for 1 940 as the behaviour of three-year old plants. 
The material constitutes two sets, set A and set B. In set A apogamic seed- 
lings have been used as rootstocks and in set B the rootstocks used w ere pro- 
pagated by the rooting of stem cuttings. The genetic composition of any 
particular rootstock in both the sets is thus identical but apogamic seedlings 
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and rooted cuttings being physiologically different, the results of their per- 
formance with different scions are presented separately as under : — 

Scion-stock combinations of set A with different scion varieties 

f . Malta local, — T> " mean data and significant difference at the 5 
per cent level are compiled in Table III which shows the relative size of three- 
year old plants of this variety as influenced by different rootstocks (Plates 
XV-XVII). 

Table III 


Performance of Malta local variety with certain rootstocks of apogamic origin 


Year 

Average circumferential measurennents In cm. for root- 
stock numbers 

General 

8. E. 

Signifi- 
cant diff- 


2i 

20 

.50 

0 

mean 


erenco for 
P-005 

1937 . 

5-08 

6-63 

3-5.5 

3-35 

3-61 

4-25 j 

0-23 

0-72 

1938 . 

5-83 

6-29 

4-28 

4-06 

3-99 

4-88 

0-29 

0-91 

1939 . 

9-97 

8‘83 

8-50 

7'73 

611 

8*23 

0-57 

J -80 

1940 . 

lfl-7 

15-7 

15-4 

140 

13*2 

14-97 

0-66 

21 


The performance of different scion-stock combinations has first to be 
examined separately for all the four years before discussing them together. 
The resultant effect of the various combinations on the vigour of the scion 
is tested by comparing the difference between average circumferential mea- 
surement figures relating to any pair of combinations with the significant 
difference figure given in the last column for each year. On the basis of this 
comparison, the various rootstocks, differentiating themselves from one an- 
other, are put in different groups. When certain rootstocks are found to exhibit 
only small differences as compared with the significant limit, they are put in 
one and the same group. The grouping of the various rootstocks, based on the 
statistical examination of the data given in Table III, is made as under : — 


Year 


Group 1 

Group 2 

1937 

• 

21 ; 43 

9 ; 20 ; 50 

1938 

• 

21 ; 43 

20 ; 50 ; 9 

1939 

• 

43; 21; 20 

50; 9 

1940 

, , 

43 ; 21 ; 20 

50; 9 


The figures show that the above five rootstock varieties fall into two 
groups even in the nursery stage. Thus, rootstocks 21 and 43 are associated 
with the more vigorous trees of Malta local variety, whereas the remaining 
rootstocks (in group 2) are associated with trees of medium vigour. The group- 
ing of the rootstocks for 1938, viz. one year after planting, was substantially 
the same except in their order of vigour within group 2. By the end of the 
second year of their life in the orchard, i.e. in 1939, the various rootstocks 
still fall into two groups but their order of vigour is considerably changed. 
Thus, rootstock 20 is now bracketed with 43 and 21 as being vigorous, and trees 




Fig. 1. Local Malta on kharna khafta Flo. '2. Local Malta on )(asH(irah 





Fig. 1. Local Malta on jatti khatti Fig. 2. Local Malta on mitha 
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on stock No. 43 are now slightly more vigorous than those on No. 21. Root- 
stocks 50 and 9, however, remained in group 2. The behaviour of the different 
rootstocks in 1940 remained exactly the same as during 1939 and it appears 
that rootstocks 50 and 9 may ultimately prove to be dwarfing for the Malta 
local variety. 

2, Sangtra local . — The mean data and significant difference at the 5 per 
cent level are compiled in Table IV, which shows the relative size of three year 
old trees of this variety as influenced by different rootstocks. 

l^ABLE IV 


Performance of Sangtra local variety with certain rootstocks of apogamic origin 


Y tiar 

Averag<‘ circumferential mettsurcmcnts in cm. for root- 
stock numbers 

! 

General 

8. E. 

SlKnifl- 
cant diff- 


43 1 

|. 

9 

21 

20 

50 

moan 


eronce for 
P-0-05 

1937 . 

4*97 1 

3-42 

3-19 

2-17 

2-33 

' 3-22 

1 

j 

0-18 

0-56 

1938 . . . 1 

1 614 I 

4 63 

4 16 

2-83 

3-38 

4-21 

1 

0-17 

0-53 

1939 

11-77 

9-34 

8-01 

7-26 

7-96 

8-99 

0-30 

0-94 

1940 . 

19-5 1 

16-1 

15-9 

15-5 

14-6 I 

16-28 

0-41 

1-32 


The grouping of the various rootstocks, based on the statistical examina- 
tion of tlie data given in Table IV above, is made as under : — 


Y( 'al- 


(xl-oup I 

Group 2 

Group 3 

Group 4 

ma? 


43 

9; 21 

50; 20 

* . 

1938 

• 

43 

9; 21 

50 

20 

1939 

• 

43 

9; 21 

50; 20 

. . 

1940 

. 

43 

21 ; 20 

50 



The above grouping shows that with this variety rootstock No. 43 (kharria 
khatta) is differentiated from the rest in that the trees of the Sangtra local 
variety are extremely vigorous even from their nursery stage and that this 
vigour has been maintained throughout the period covered by this report. 
Next in order of vigour are trees on rootstocks 9 and 21^ — an order which re- 
mained unchanged for all the four years. By 1940, however, one more root- 
stock, viz. No. 20, has jumped up in this group. In the third and fourth 
groups, the various rootstocks did not materially change their order of vigour 
for the first three years but by 1940, No. 50 alone remained in the third group. 
This rootstock may, therefore, ultimately prove to be a dwarfing rootstock 
for Sangtra local scion variety. 

a. Grapefruit {Marsh Seedless ). — The mean data and significant differ- 
ence at the 5 per cent level are compiled in Table V, which shows the relative 
size of three-year old trees of this variety as influenced by different root- 
stocks. 
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Table V 


Performance of grapefruit (Marsh Seedless variety) with certain rootstoclcs of 

apogamic origin 


Year 

Average circumferential measurements in cm. for root- 
stock numbers 

1 

' General 

S. B. 

Signlfl- 
cant diff- 

1 

43 

20 

47 

50 

9 

mean 

i 

eronce for 
P-006 

19S7 . . . ! 

3-99 

^ 3*72 

3-76 

3-19 

1 

2-82 

3-50 

0-158 

0-60 

1938 . 

5*43 

5-43 

6-02 

4-42 

4-26 j 

4-91 

0-208 

0-66 

1939 . . . 1 

10-36 j 

10-18 

9-27 

8-06 

8-30 

j 

9-18 

0-335 

1-09 

1940 . . . 1 

! 

18-7 1 

18-3 

16-6 

14-7 

12-4 

16-12 

0-477 

1-50 


The grouping of the various rootstocks, based on the statistical examina- 
tion of the data given in Table V above, is made as under : — 


Year 

Grouj) 1 

Group 2 

Group 3 

Group 4 

1937. 

. 43 ; 47 ; 20 

50; 9 



1938. 

. 43; 20; 47 

50; 9 



1939. 

43 ; 20 ; 47 

9; 50 



1940. 

. 43; 20 

47 

50 

9 


It is evident that, in 1937, with grapefruit as the scion variety, the three 
rootstocks Nos. 43, 47 and 20 are associated with more vigorous trees, 
while the remaining two, viz. 50 and 9, formed a class which proved to be less 
vigorous. The relative performance of the three vigorous rootstocks did not 
change in the following year except that the order of vigour of stocks 47 and 
20 in group 1 is reversed. A year later, viz. the beginning of 1939, the order 
of vigour of rootstocks in group 1 still remained unchanged, although a slight 
change occurred in group 2. By the beginning of 1940, however, the five 
rootstocks under trial differentiated into four different groups with regard to 
their influence on the vigour of grapefruit scion. Thus, grapefruit trees on 
stocks 43 and 20 are of greatest vigour, those on 47 are of medium vigour, 
while those on 50 and 9 are dwarf notwithstanding the fact that No. 9 is signi- 
ficantly more dwarfing than No. 60. 


Scion-stock combinations of set B with different scion varieties 

f, Malta local, — The mean data and significant difference at the 6 per 
cent level are compiled in Table VI, which shows the relative size of three- 
year old trees of this variety as influenced by different rootstocks. 
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Table VI 

Performance of Malta local variety with certain rooUtccls raif(d ly the rooting 

of stem cuttings 

Average circumferential mcasurementB in | 



Year 


cm. 

20 

for rootstock numbers 

43 ; 50 

9 

General 

mean 

S. E. 

Signlfl. 
cant diff- 
erence for 
f’=005 

1937 



4-08 

4*05 : 

5-3fi ; 

3 -BO i 

4-38 

0-3.57 

1-12 

1938 



6-09 

6-09 : 

C-06 1 

4-74 ; 

.5*80 

0-80 ^ 

: 0*94 

1939 . 


. 

11-49 

11-39 

10-03 I 

j 

8-30 

10-47 

0-36 

1 M4 

1940 



19-1 

19-0 

10-4 j 

13-1 

10-91 

0-40 

1 1-47 


The grouping of the various rootstocks, based the statistical examina- 
tion of the data given in Table V^I, is made as follows : — 


Year 

G I’D up 1 

( »u 

p 2 Group 3 

1937 

50; 43 

20; 

9 

1938 

50 ; 43 ; 20 

9 

. . 

1939 

20 ; 43 ; 50 

9 

. . 

1940 

20; 43 


9 


The grouping of rootstocks sliows that at the nursei;y stage in 1 937, they 
fall into two groups only. In group 1 occur tlie rootstocks t5() and 43 which 
are associated with more vigorous trees of the Multa local scuon. The trees 
on rootstocks 20 and 9 form a less vigorous class. One year alter planting, 
viz. in 1938, rootstock 20 had moved from group 2 into group 1 , but the order 
of vigour of the two rootstocks in group 1 did not cluingt?. In 1939, the 
order of vigour of rootstocks in group 1 changed consideiabh'. Thus, 
rootstock 50, which occupied 1st position in 1937 and 1938, went to the 
last position and rootstock 20, which occupied last jiosition in 1 938, came to the 
foremost rank. However, one sViould not lose sigld ol ib.c fact that, despite 
the change in the order of vigour of these rootstoc-ks, tliey are statistically 
identical, but this abrupt behaviour of stmdv No. 50 inuvmises further segrega- 
tion among the varieties in this group. Rootstoi k No. 9, how ever, remained 
in group 2 as before. In 1940, rootstock 50 dropped bacl; to gioiip 2 but the 
remaining two stocks in group 1 maintained their perfonnanoe. It cannot 
be foretold which of the two rootstocks in group 1 will ultimately prove to 
be the most vigorous, but it would appear that stock No. 9 is likely to prove 
a dwarfing stock for this scion variety more so than any other, and that stock 
No. 50 may also prove dwarfing to this variety, 

2. Sangtra local. — ^The mean data and signiilcaiit diflerence at the 5 
per cent level showing the relative size of three-year old trees of this variety 
as influenced by different rootstocks aie ( (uupilcd in "bal le Vll . 
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Table VII 


Performance of Sdngtralocdl voiriety with certain rootstocks raised by the rooting 

of stem cuttings 


Year 

Average circumferential measurement in 
cm. for rootstock numbers 

General 

S. E. 

signifi- 
cant diff- 

43 

20 

9 


60 

mean 

erence for 
P^0 05 

1987 ..... 

5-7d 

2*39 

2-48 


4-23 

8-72 

0-301 

1 0-96 

1988 

7 09 

4-20 

4-07 


6-78 

5-29 

0-468 

T-4« 

1939 

13-24 

9-71 

10-07 


11 02 

10-99 

0-336 

10« 

1940 ..... 

21-1 

16-9 

16-8 


16-0 

' 17-8 

0-48 

1-5 


The grouping of various rootstocks, based on the statistical examination 


of the data given in Tab]^ VII, is made as follows ; — 


Year 

Group 1 

Group 2 

Group 3 

1937 

43 

50 

9; 20 

1938 

. 43; 50 

. . 

20; 9 

1939 

43 

50; 9 

20 

1940 

43 

20 ; 9 ; 50 

, , 


The data show that throughout the four-year period, trees of Sangtra 
scion variety on rootstock No. 43 are more vigorous than on the remaining 
three rootstocks. Rootstock No. 50, which proved next in order of vigour 
during the first three years, had, by the end of the fourth year, proved a dwarf- 
ing rootstock. No. 20, on the other hand, which was dwarfing as compared 
with others during the first three years, was eventually shown to have an 
invigorating effect. At the end of four years, Nos. 20, 9 and 50 are not signi- 
ficantly different from one another and, as a class, they are significantly less 
vigorous than No. 43. 

5. Grapefruit {Marsh Seedless), — The mean data at the 5 per cent level 
are compiled in Table VIII which gives the relative size of three-year old trees 
of this variety as influenced by different rootstocks. 

Table VIII 


Performance of grapefruit {Marsh Seedless) with certain rootstocks raised by the 

rooting of stem cuttings 


Year 

Average circumferential meftsurements in 
cm. for rootstock numbers 

General 

S. B. 

Signlfl. 
cant dlif- 

43 

20 

60 

1 ^ 

mean 

erence for 
J»-0*06 

1987 

6-n 

8*66 

4-88 

4-16 

4 70 

0-324 

1-03 

1938 

7-75 

6-60 

6-71 

5-61 

6-18 

0-380 

1*21 

1939 

12-94 

11*39 

10*04 

9-77 

11-03 

0*4 

1*28 

1940 

21-2 

20*3 

16-8 

16-6 

18-28 

0*876 

1-2 
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The grouping of various rootstocks, based on the statistical examination 
of the data given in Table VIII, is made as follows : — 


Year 

1937 

• • 

(iroup 1 

43 ; 50 

Oroii]) 2 

9 ; 20 

Group 3 

1938 

. 

43 

50 ; 9 ; 20 

. • 

1939 

. 

43 

20 

50; 9 

1940 

... 

43 ; 20 

, , 

50; 9 


At the time of planting, i.e. at one-year old, the rootstocks 43 and 50 
were both associated with vigorous trees of the Marsh Seedless grapefruit 
variety, while the remaining rootstocks, viz. 9 and 20, formed a second class 
which differed from them in this respect. By the end of the next year, 
rootstock No. 43 alone remained in the vigorous group, and the remaining 
three fell into group 2. In 1939, viz. two years after planting in the orchard, 
a further differentiation took place in the rootstocks of group 2, by which 
trees on No. 20 became significantly more vigorous than those on either of 
No. 50 or 9. By 1940, trees on rootstock No. 20 became still more vigorous, 
and they are now nearly as vigorous as those on rootstock No. 43, whereas 
rootstocks No. 50 and 9 appear to be dwarfing ones. 

Discussion 

7. Rootstock No. 43 

The performance of rootstock No. 43 [Kharna khatta {C. karna Rctf.) 
synonyms ; Id lemon( Poona, Bombay), Sohsaralcar (Assam), Mokari (Renala 
Khurd, Punjab) is outstanding in that it is associated with the most vigorous 
trees of all the three scion varieties budded on it. This is true for both seed- 
ling and cutting material. It differentiates, in this respect, from most of the 
remaining rootstocks as early as one year after budding. The vigorous growths 
of trees on this rootstock, coupled with the fact that its seedlings are usually 
fit for budding earlier than those of other varieties, indicate that, from the 
nurseryman’s standpoint, it is a rootstock which may become widely used 
because, other things being equal, good nursery trees of a given scion variety 
can be produced relatively early. Furthermore, the consistent behaviour of 
scions on this rootstock for the first four years after budding strengthens the 
view that, as compared with other varieties included in these trials, this one 
may ultimately produce trees of the largest size. This point is of special 
significance in so far as it holds good for all the three scion varieties employed. 

Brown [1920] reported a similar invigorating influence of kharna rootstock 
which, according to the photograph of fruit in Plate VI, fig. 1 presented by 
him, appears to be of the same variety as kharna khatta employed in the 
present investigations. Brown, however, translated this as rough lemon, a 
variety from which it differs in almost every respect. It would appear, there- 
fore, that Brown did not employ the true rough lemon in his trials, although 
he has reported the results of kharna kha tta as being due to rough lemon . The 
results of Brown have also been quoted by subsequent workers [Gardner 
ei al., 1922] as the effects of rough lemon rootstock upon scion growth, a 
repetition of which should be avoid. 
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So far as the present authors are aware, kharna khatta as a rootstock has 
not been employed in other citrus-growing countries of the world, and it is very 
probable that this species is a native of India. Its performance in these trials 
warrants an exteuvsion of its use on an experimental scale in this country 
and elsewhere. 

2, Rootstock No. 20 

The use of this rootstock [jatti khatti or rough lemon {C. limonia Osbeck), 
synonyms : Khatta (Renala Khurd and Lahore, Punjab) Khatti (Lyallpur and 
Shahdara, Punjab)] has been investigated in almost every citrus-growing coun- 
try of the world. It should, however, be clearly understood that this rootstock 
was not employed by Brown [1920] ; Shrivastava [1920] and Prayag [1920] 
in their investigations in North-West Frontier Province, Central Provinces and 
Bombay and that Id lemon and jamburi said to be the varieties of rough lemon 
[Imp. Bur. Fruit Production, Tech. Com., 1932] have nothing in common with 
the real rough lemon of South Africa, California and Florida, etc. [Coit, 1927 ; 
Hurne, 1930 ; Powell, 1930]. It follows, therefore, that no work has yet been 
done anywhere in India to elucidate the influence of rough lemon on the com- 
mercially grown citrus scion varieties of this country. 

As a result of the satisfactory growth of trees on rough lemon in most 
parts of the citrus world, it is the one most used in South Africa [Marloth ,1938 ; 
Powell, 1930]. In Arizona, California and Java [Coit, 1927 ; Marloth, 1938 ; 
Toxopeus, 1936] it is used to a limited extent. In Florida [Batchelor and 
Webber, 1939 ; Coit, 1927 ; Hume, 1930 ; Marloth, 1938] it is the main rootstock 
for very sandy soils although, according to Davis [1928], it thrives equally 
well on heavy loams. In Dominica, rough lemon has proved to be a good 
stock for acid limes [Imp. Bur. Fruit Product. Tech. Com,, 1932]. In Australia 
[Marloth, 1938] it is employed extensively, and in the Punjab it is also one of 
the widely used rootstock varieties. Cheema [1929] advises rough lemon 
as the m )St suitable rootstock for lemons in western India, though the species 
actually used is different from real rough lemon. It is evident from tlie 
above, therefore, that with rough lemon the problem appears to be one of 
adaptability to local soil and climatic conditions rather than congeniality be- 
tween stock and scion, since cases of absolute failure or imperfect union have 
not been reported from anywhere. 

The data presented in the foregoing section show that rough l^mon is a 
promising rootstock and its growth influeiice in case of the sweet orange (Malta) 
and grapefruit scions may ultimately be in line with kharna khatta, but in the 
case of Sangtra scion variety it may not prove equally vigorous. It is, 
however, significant that even with sweet orange and grapefruit scions, it did 
not produce as vigorous nursery trees in the same period as was done by some 
other rootstocks. All the same, the experience of workers in other countries 
[Coit, 1927 ; Hume, 1930], that this rootstock is associated with vigorous vege- 
tative growth of young trees, is also corroborated by the data here reported. 

3, Rootstock No. 50 

Sweet lime [mitha {G. aurantifolia var. Swingle)] is, perhaps, indigenous 
to India. On its own roots, it is quite vigorous and spreading but when used 
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as a rootstock for sweet orange, mandarin and grapefruit, the resulting trees 
are dwarfed. It is a favourite with nurserymen throughout the Punjab, partly 
due to the prevalent belief that it improves the texture and quality of fruit 
of the scion varieties worked on it, and partly to its ability to root readily from 
stem cuttings producing well-grown nursery stock in a comparatively short 
period. The latter point concerns mainly the nurseryman, who is chiefly 
interested in the production of plants in a short space of time, but the fornaer 
point concerns the grower and the fruit industry in general and is, therefore, 
more worthy of consideration and experimentation. 

The data show conclusively that, with all the three varieties in set A , sw eet 
lime rootstock behaves as a dwarfing type. In set B, however, the trees on 
this stock are vigorous when young, but by the beginning of 1940, the trees on 
some other rootstocks had significantly outgrown them. The difference in the 
vigour of scion varieties in sets A and B, brought about by this rootstock for the 
first few years was, therefore, of a transitory nature and was mainly due to the 
increased vigour of nursery stock in set B at the time of budding. Evidently 
therefore the nursery stock of sweet lime, raised by the rooting of cuttings, 
became fit for budding comparatively much earlier than that raised from seed. 
Not only this, with the exception of galgal (hill lemon) which is not employed 
in these trials, sw^eet lime cuttings resulted in nursery stock of a better si^e 
and vigour than that of the remaining stock varieties under trial in set B. 
Since time of budding was the same in sets A and B, the stocks in set B made 
much better growth than those in set A and even within set B the sw eet lime 
stock made better growth than others in view of its better rooting capacity 
and was consequently at an advantage to induce better grow th of scion buds 
placed in it. This initial advantage, however, was not maintained and this 
rootstock must now^ be regarded as dw arfing in character as in the case of set 
A. All the three scion varieties worked on sweet lime in sets A and B axe some- 
what dwarfed, and these effects are in general agreement w ith the results ob- 
tained by Brown [1920] in India and are also in accord with the experience of 
growers in south-eastern Mediterranean countries, especially in Palestine 
[Hodgson, 1931 ; Powell, 1930], where Jaffa or Shamouti variety of sweet 
orange is mainly grown on sweet lime. 

4, Rootstock No, 21 

According to Bonavia [1880] this rootstock [ jiasvarcni (C,japo 7 rica Thumb)] 
resembles in character the reshmi orange of the United Provinces, India, and 
is not a true mandarin although it is called mandarin in Ceylon. It w as intro- 
duced into the Punjab through the courtesy of the Curator, Pvoyal Botanic 
Gardens, Paradeniya, Ceylon, and w as included only in set A (rootstocks of 
apogamic origin) as the cuttings did not root well . On its ow n roots, this root - 
stock is comparatively dwarf, but when used as a rootstock for sweet orange 
(Malta local) it has produced maindens of greater vigour than those of the most 
vigorous knowm rootstocks. On transplanting to the orchard, the trees on this 
rootstock naturally received the greatest setback and some of them even died, 
but the remaining ones are now growing well. On the other hand, when used 
as a rootstock for mandarin (Sangtra) it produced maindens of medium vigour 
only, which when transplanted grew very well indeed. Furthermore, the re- 
sults (Tables III and IV) show that, both with sweet orange ard mandarin as 
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the scion varieties, this rootstock maintained its nursery performance, viz. 
that of producing vigorous trees in case of the former and dwarf trees in case of 
the latter throughout the course of these investigations. This differential 
response may be partly correlated with the fact that the union of this root- 
stock with Malta scion is perfect, but with Sangtra scion the stock stem out- 
grows the scion stem. 

% 

5. Rootstock No. 9 

This species [mokari or citron {Citrus medica Linn.), synonyms : Turanj 
(Renala Khurd, Punjab), Sak limboo (Poona), Nattaran (Ceylon), Sohmad 
(Assam)] is a native of India [Powell, 1930]. It has two forms : one where the 
rind is very rough, corrugated and is orange on ripening (C. Mahalung, Poona) 
and the other where the rind is smooth and is yellow on ripening. It is the 
latter form that has been employed in the trials reported here. 

The nursery performance of this species is equal to that* exhibited by our 
best rootstocks. It is easily grown from cuttings and both cutting and seed- 
ling stocks reach the budding stage as quickly as those of any other stock. 
Probably the greatest point in its favour is the fact that variability in the 
seedbed with regard to the height and vigour of seedlings is low and in con- 
sequence only a small percentage of seedlings has to be discarded at the trans- 
planting time. The main disadvantage appears to be its extreme susceptibility 
to citrus canker and gum diseases. 

Out of the three scion varieties, viz. sweet orange (Malta local), mandarin 
(Sangtra local) and grapefruit, with which it has been tried as a rootstock, 
it has given good union only with mandarin while in the remaining two cases 
the scion portion has invariably outgrown the rootstock. 

The data show conclusively that with sweet orange and grapefruit, where 
it is not quite compatible, its effect is that of dwarfing nature but in case of 
Sangtra local scion the trees on this rootstock are fairly vigorous. In this res- 
pect, therefore, like nasnamn it has responded differently with different scion 
varieties. It has been largely used as a rootstock in Egypt [Brown, 1936] 
with the result that trees budded or grafted on it remain inferior in vigour and 
resistance to diseases. This experience of Egyptian growers is in conformity 
with the results obtained in the Punjab, 

6. Rootstock No. 47 

As far as could be ascertained, shaddock [chakotra (Citrus maxima Merrill)] 
has never been employed as a rootstock in the Punjab for orange, mandarin 
and grapefruit. However, in view of the remarks of Webber [1925] that shad- 
dock has been favourably commented on as a rootstock for grapefruit in 
South Africa, it was considered desirable to include this in the citrus rootstock 
trials, especially in the case of grapefruit. 

It has made a good union with grapefruit and the results show that trees 
on this stock are fairly vigorous. Although the trees have only completed 
three years in the orchard, some of them growing on this rootstock are severely 
affected with mottle leaf. Whether it is purely accidental that the portions 
of the land, on which the trees of this scion-stock combination are planted, 
are deficient in certain elements causing mottle leaf or whether this rootstock 
itself is responsible for this malady cannot at present be determined. 
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SUMMAKY 

The influence of certain rootstocks on the vigour of young stem-budded 
scions of sweet orange (Malta), mandarin (Sangtra) and grapefruit has been 
studied at Montgomery, Punjab, for the years 1937-40. 

The results show that : — 

(а) Kharna khatta (C. karna Raf.) is associated with the most vigorous 

trees irrespective of the scion variety budded on it. 

(б) Jatti khatti or rough lemon {G, limonia Osbeck) is also associated 

with vigorous-growing trees, but it does not equal kharna 
khatta in this respect. 

(c) Mitha or sweet lime {C. aurantifolia var. Swingle) appears to be a 

dwarfing rootstock for each of the three scion species budded 
on it. 

(d) Nasnaran (C, japonica Thumb) and mokari or citron {C. medica 

Linn. ) both appear to be variable in their influence as rootstocks. 
For instance, sweet orange on nasnaran has proved vigorous, 
but mandarin trees on this rootstock are decidedly dwarfed. 
Similarly, plants of sweet orange and grapefruit are dwarf on 
mokari^ but those of mandarin on the same rootstock are vigorous. 

(e) Grapefruit trees on chakotra or shaddock {C. maxima Merrill) show 

mottle leaf but it has not yet been determined whether this is 
due to soil or to rootstock. 

The vigour of different scion species has been shown to be variable 
on one and the same rootstock in case of two rootstock species, namely nasnaran 
and mokari. The terms vigorous and dwarf usually assigned to rootstocks 
should be used only in connection with specified scion varieties. 

The vigour of an imworked rootstock is no criterion of its vigour as a 
rootstock when grafted with certain scion varieties. For instance, nasnaran 
which is comparatively dwarf on its own roots has, when used as a rootstock 
for sweet orange, given rise to trees equal in vigour to those on the so-called 
vigorous rootstocks. Mitha (sweet lime), on the other hand, is quite vigorous 
and spreading on its own roots but, as a rootstock, it has dwarfed all the scion 
varieties budded on it in spite of its having made good union with the scion 
varieties. Mokari (citron), which is fairly dwarf on its own roots, has 
produced Sangtra plants of good vigour. 
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T here is an area of about 3,00,000 acres under tobacco in the Madras 
province, of which nearly 1,50,000 acres is confined to the Guntur district, 
50,000 acres to the Kistna and Godavari districts and the rest to the other 
parts of the province. Out of this, about 1,25,000 acres are grown with 
Virginia tobacco. Nearly 80 per cent of this area, in turn, is in the Guntur 
district and the rest in the Kistna and Godavari districts along the borders 
of the two rivers. The crop is allowed to flower and pod freely — unlike 
natu, the local cigar variety, which is invariably topped— in nearly 90 
per cent of the Virginia tobacco-growing area to impart proper texture, 
body and colour to the leaf and make it fit for cigarette manufacture. 

Seed, its oil content and general properties 

An average crop of Virginia tobacco yields about 150-200 lb. 
seed per acre. After the leaf picking is over and before the crop is pulled, 
sheep and goats are allowed to eat the pods freely when ripe, and 
they seem to relish it and do well. Majority of the seed pods 
are, however, burnt along with stalks which at present form the 
main fuel in use in all Virginia tobacco-growing areas. Prom prelimi- 
nary trials it was found that the seed contained some oil and hence 
it was thought desirable to find some use for it. On extraction by the cold- 
drawn process in the country wooden mill (chekku) and by the hot-drawn 
process generally adopted for extracting castor oil, oil to an extent of 25- 
30 per cent could be got. The cold-drawn oil was thin, transparent, light 
yellow, pleasant smelling, agreeable to taste, and almost identical with first 
class gingelly oil. The hot-drawn oil was thin, slightly turbid yellow, 
pleasant smellmg, and slightly bitter in taste. The seed and cake were readily 
eaten by sheep, goats and cattle. Viands made out of the cold-drawn oil 
obtained from well-washed seeds were not different from those made out of 
gingelly oil. Those prepared in the hot-drawn oil and in cold-drawn 
oil extracted from unwashed seeds were rather bitter to taste. The ex- 
traction of oil by the cold-drawn process as is done in the case of gingelly 
seeds will prove a good cottage industry in the Virginia tobacco areas, but 
there are not enough country wooden oil mills available in the areas for the 
purpose. Extraction by the hot-drawn process in the hand presses used 
for extracting castor oil is quite possible. Tobacco seeds, however, seem to 
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need a higher temperature and more pressure than castor seed for efficient 
extraction and to achieve this some structural changes in the oil presses now 
in use may be necessary. When the seed is pressed by this process, it should 
be crushed in flour mills before pressing for efficient extraction of oil. 

Chemical investigations of seed oil and cake 

Samples of oil and cake from the same batch were .sent to several analysts 
in India and the results supplied by them are incorporated in Tables 
I-III. For purposes of comparison, the results obtained by inve.stigators 
in other parts of the world on the subject are produced in Tables IV and V. 


'J" ABLE 1 

Besvlts of analysis of Guntur Virginia tobacco seed for food and mineral values 
(By the Government Agricultural Chemist, Coimbatore) 


Head of analysis 


Per cent 


a. Food valuer - 
Moisture 
Aeli 

Cnide proteins (N X (>‘ 25 ) 
Etht’r extractives 
Crude fibre 

Carbohydrates (by diltereiice) 


6-05 

3-76 

. * 23*88 

35-77 
16-77 
13*77 

’Fotal . 100*00 


Insolubk'h 

Albuinmoids (true proteins) 
^Nicotine 

b. Mineral values — 
i? Lime (CaO) . 

Potash (K*0) 

Phosphoric acid (PjOg) 
Nitrogen (N ) . 


0*31 


22' Hi) 


Abaeiit=*= 


0*21 

0*94 

1*09 

3*82 


* As observed by the Imperial Agricultural Cliemist, New Delhi 
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The results obtained and the conclusions drawn therefrom were in 
general conformity with those obtained elsewhere and establish the fact that 
Guntur Virginia tobacco seed contains about 35-37 per cent of oil, is free from 
nicotine and can be used as an edible or semi-drying oil and for soap making 
or for illumination purposes. Its uses as an edible oil in Bulgaria are reported 
by Jamieson [1932] and as a semi-drying oil by Paris [1920] and Pyat-nitzkii 
[1929]. Samples of hard and soft soaps, prepared at the Kerala Soap Institute, 
Calicut indicate that the oil can be used for this purpose with success. 

The cake contains about 30-35 per cent crude proteins, 29-34 per cent 
albuminoids, 16-17 per cent ether extractives, about 27 per cent carbohy 
drates, and is free from nicotine. It compares favourably in its food 
values with gingelly cake so extensively used for cattle feed in this province 
(Table VI) and cattle eat the cake freely. Feeding trials substituting 
tobacco seed cake for groundnut cake were conducted over a period of five 
weeks at the Agricultural Research Station, Guntur. The feeding did 
not bring about any adverse effects on the animals. They looked normal 
during the feeding trials and after. It Is reported [Orlov, 1933] that the cake 
is extensively used for horse-feed. As the cake contains about 5 per cent 
nitrogen (N), 1-6 per cent phosphoric acid {PgOr,) and 1*15 per cent potash 
(KgO), it can be used as a good nitrogenous organic manure comparing favour- 
ably with an average sample of castor cake. 

If facilities for the extraction or marketing of the oil do not exist, the 
seed can by itself be used as cattle food as it contains about 24 per cent crude 
proteins, 23 per cent albuminoids, 30 per cent ether extractives, 14 per cent 
carbohydrates, and is free from nicotine. As the seed has a tliick seed-coat, 
it should be soaked in water for two days, washed well, ground into a paste 
like horse-gram and fed to cattle. 


Further studies on seed oil 

Though the oil in tit for use for s<iaj) making and for illumination or 
edible purposes, its use as a semi-drying oil seems most advisable as the 
Madras province does not produce any other drying or semi-drying oil worth 
the name. For the supply of liuseed oil which is the chief oil used for paint s 
in the province, it depends entirely on northern India., and the typical 
drying oil— tMwgp oil — is primarily imported from liurma and China. 

The percentage composition of the different fatty acids in tobacco seed 
oil, linseed oil and tuvxj oil are produced in Tabic VI , and some of their physical 
and chemical constants are given in Table Vll. While Uing oil stands unique 
m its composition and drying properties, linseed oil comes intermediate and 
tobacco-seed oil next in drying properties. The total absence of linolenic 
acid in tobacco-seed oil makes it dry somewhat slower, but its absence enables 
white paints mixed with tobacco-seed oil to continue to remain white, while 
they turn yellowish when mixed with linseed oil. While tobacco seed oil can 
be clarified to a practically colourless liquid, linseed oil cannot be so manag- 
ed. These two characters of the oil make it eminently suited for the prepa- 
ration and application of white paint and white enamels in preference to 
linseed oil. 
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Table ni 


Res'ults of analysis {on dry basis) of Ountm Virginia tobacco seed cake, for food 
and mimrctl values as against an average sample of gingdly cake 




Tobacco seed cake, 







Analysed by 



Qingelly cake, 








Analysed by 















Govt. Agrl. 


Impl. Agrl. 

(jrOVt. 

Fooil 

j Govt. Agrl. 

Chemist; 

Particulars 

Chemist, 

Analyst, 

j Chemist, 

Coimbatore 

New Delhi 

Giiindy 

1 Coimbatore 



. C. D. 

i 

H. D. 

C. D. 

H. D. 

C. D. 

H. D. 

C. D. 

A, Food values 








(per cent) 


6-22 






Moisture 

5-87 


• • 

• • 

• • 

• • 

Ash 

. . 




10-29 

6-63 

10-60 

Crude proteins 

30*75 

35-81 



30-58 

34-13 

37-90»* 

(NX6-25) 
Ether extrac- 





16-00 

17-08 

17-30 

tives 

Crude fibre 


. . 

. . 

• • 

16-60 

16-07 

3-70 

(carbohydrates 





26-63 

27-19 

30*60 

(by difference). 








Total 

• ■ 




100- 00 

100-00 

100-00 

True iMToteins or 





28 52 

33-81 1 

36-20 

albuminoids 

Oil . 


. . 

11-2 

14*5 

. . 

. . 


Nicotine . 

Absent 

Absent 






JB. Mineral 
values (per cent) 











; 


On sample weight 


Lime (CaO) 



. , 1 


0-66 I 

0-22 


Potash (KjO) . 





1- 13 i 

1-17 


Phosphoric afdd 



2-5 

2-6 

1-86 ! 

1-41 


(P.O.) 

Nitrogen (N) . j 

4*92 

5*73 

4-6 

5*2 

4-89 

6-46 



C. D. otCold drawn j H. D. ^iHot dzawn 


** Protein contents — 

Gingelly cake from shelled seed . 33-18'| 

^Q. A. 0., Coimbatore 

Qin^Uy cake from un-shelled seed . 44- 81 J 
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Table IV 


ImportarU characters of the tohacca seed oil as determined by investigators in other 

parts of the world 


Name of invt^tigator 

R(^f. 

No. 

Saponifi- 

cation 

value 

' 1 

lodiiu* 
value 1 

' i 

[ 

Remarks 

1. Ampola and Bourti [1904] 

1 

1 »(>•()(» 

118- 00 i 


2 . Preiseecker and llrezina 
flQlBJ 

2 

1 

196^40 

i 

131 00 I 

1 


3. Paris [1920] . 

3 

l»4-6() 

135-46 

1 

Used as edibk^ and semi- 
drying oil 

4. Pyatnitzkii ( 1929] . 

4 

20(>- 70 

135*34 1 

1 

i 

! 1 

Mixed with driers and 
pigments ; rather slow- 
drying films were ob- 
tained 

5. Morozov and ({rashin 
[1930] 

r> 

(90-49 

j 139*74 


6. Roberts and Sch utic [1934] 

1 7 1 

i 

182- 00 

152 00 i 

1 

Nicotine absent 

7. Varga and Dedinwzky 
[1934] 

1 

1 

i ^ • 

190-50 

1 

1 

1 

i 



Table V 

Resvits of analysis of tobacco seed cake for the food values (on dry basis) as deter- 
mined by investigators in other parts of the world 


ParticulrtiK 


Moisture 

Crude asli 

Crude proteiiife 

Crude fat 

Crude fibre 

Albumin (digestible) 

Remarks, 


Ref. 8 : 

Ref. 10 

P('r cent. 

Per c(>nt 

3-38 

8*66 

4*97 

14*43 

34*05 

38- 31 

24*33 

10-69 

23* 64 

17*97 


36* 37 

No tobaceo odour 

Has been 


eessfiilly used 
for horse feed- 
ing ; nicotine 
absent 
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Table VI 


Percent^e composition of different f(Uty mids in tobacco seed oil as compared to 

those in linseed oil and tung oil 



i Tobacco seed oil 

Linseed 

oil 

1 

Tung 

oil 

Name of acid 

1 

; Ref. No. 

4 

1 

Ref. No. 

Ref. No. 

11 

-- 

(Bef. No. 
12) 

( Ref. No. 
13) 


Pei* cent 

Per cent 

Per cent 

Per cent 

Per cent 

Oleic ..... 

21-70 

16- 20 

26-37 

6'00 

10-00 

Linoleic .... 

60- 00 

70-40 

60- 23 

48 to 59 

• • 

Linolenic .... 

Palmitic .... 

0-60 

10 

7-03 1 

1 

21 to 32 

> 10- 00 

- • 

Stearic 

• • < 

4-80 

3-04 { 

J 


Elaeostearic 



* . 


80-00 

Glyceryl radicle 


! 


4' 00 


Unsaponifiable matter 

Remarks . . , . i 

I 

i 

1 

1-20 i 

Aicoloids ; 
and lino- 1 
lenio 
acid ab- 
sent 1 

1-25 ; 

1-41 




Economic aspect 

At an estimate of 175 lb. seed per acre and 25 per cent of extractable 
oil in it, the province can supply about 8,8(K) tons of seed, or 2,200 tons of 
oil and 6,600 tons of cake per annum if the whole quantity of seed produced 
is gathered. If the oil is valued on par with the present price for linseed 
oil and cake on par with gingelly cake, the province can get annually en- 
riched by 13 lakhs of rupees, if all the Virginia tobacco seed produced 
is utilized.* This will incidentally make the province, at least partly, self- 
suificient in its requirements for semi-drying oils. 

Several paint firms have placed bulk indents for the supply of oil. Their 
quotations are, however, rather low, and the matter is under correspondence. 
A special grant of Rs. 500 has been sanctioned by the Madras Government to 
start business in this line. 

'♦'An acre of Virginia tolmeoo contains about 6,000 plants and soecl from alwiit 10 
plants will })e moro iian sufboient to produce seedlings to plant an acre. 
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l^ABLE VII 

Some imporlarU physical and chemical constants of Guntur Virginia tobacco seed 
oilf linseed oil and tunj oil, as noted in their raw form 


1 Wtioulars 

i Virginia. 

seed 

Lii»st“(‘(l oil* 

Tang oil* 


: oil 

(( iiiiiliir) 



SpiMific gravity at 


0\)\2 1 

01131 




to ( 

to 

tf > 



0-10 5 1 

0 1)41 

0*943 

UofratJtivt.^ iiidox at 2U ’( -. 


1 * 4084 

1*4742 

1*518 



to 

to 

to 



1 * 4725 

1 • 4754 

1 * 522 

Avid oinnlx'r 


o :u> to 0-80 

Up to 10 

Up to 5 

Sa|>onifi(*atiofi huihIxt 

• 

. ■ 180 to 191 . 

181) to 190 . 

1 89 to J 95 

Cnsapoiiifiablc fuattri- 


. : 1-2 to J‘41** , 

, 0* 8 to 2 - 1) . 

Up t o 0* 75 

lodinu valuo 


124 to 155 . 

' 170 to 185 . 

155 to 107 


* Reforeiice 13 
*♦ Table IV 

Future work 

Bulk RampleH of the oil have been yent to several leading firiUK nia-iui 
faeturing enamels, paints and vai-nishes, throughout India and their reports 
are awaited. Preliminary investigations made in the Sodhan liaboia- 
tories, Tenali, (tuntur distrhd-, on the industrial utilization of the oil are 
sufficiently em^ouraging. Manurial trials with cake were arranged on all 
important crops grown under dry, irrigated and wet eonditious during the 
year and they will l)e further elaborated during the next year. The tec h- 
nique of crushing is being studied for better extraction. I f sufficiently en- 
couraging reports are received from the different manufacturing firms, col- 
lection of seed and establishment of juarket for seed, oil and cake w ill he (on- 
templated. In the meantime, necessary |)ro[)aganda is being undertaken 
to utilize the seed as cattle food. 

Conclusions 

Virginia tobacco seed extensively produced in the Guntur, Kistua and 
Godavari districts contains nearly 35-37 per cent of edible and semi-drying 
oil. 

The oil can with advantage be used as semi-drying oil. 

The cake can be fed to cattle or used as manure. 
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Til} a market for seed, oil and cake is established, the sc^ oan be fed 
to cattle. * 
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REVIEW 

Annual Review of Biochemical and Allied Research in India> VoL XI1» 1941 

Society of Biological Chemists, India, Bangalore : pp. 84 : price Rs. 3 orO^. 

T^HLS review contaiiiB a faitliful record of the activities of Indian workers 
" in the field of biochenustry and allied subjects. Ex|)ert8 attached to 
representative institutions have been entrusted with the task of reviewing 
the work in bi'aaches. 

Each of these reviews draws attention to the increased volume <.h work. 
Under soils and fertilizers, a short account is given of work done during the 
year on soils survey and classification, soil erosion, soil alkali and alkaline 
lands, physico-chemical properties of soils, methods of soil analyses, soil micro- 
organisms, nitrogen fixation and transformation in soils, soil c )nditions and 
crop production and manures and fei tilizers. Under animal nutrition, research 
on the subjects of nutrition of livestock and dairy science liave been reviewed. 
Work on vitamin-t' contents of cow's milk and on various types of tinned milk, 
their food value, methods of manufacture, spoilage during storage liave been 
included in this review. A review has been made of the quantitative and 
qualitative aspects of tlie existing food supply of the entire cattle jKipulation 
in India. In the same article, work on the digestibility and feeding value of 
oilseeds, on the effect of feeding berseem on growth and milk yield, on mineral 
requirements of cows and on nutritional requirements of chicken are summa- 
rized. 

The publication of these annual reviews has been a regular feature of tlie 
activities of the Society of Biological Chemists for the last 12 years and for the 
valuable information it is supplying it can be regarded as an appendix to the 
world annual review of biochemistry. 
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Vol. xn. Part m, 

Page 486, lin© 6, for ‘ velatile ’ recut ' volatile ’ 

Pag© 497, Fig. 2. for ‘ VI sample ’ read ‘ JV sample ’ 


Vol. XII, Part r, October 1942 

Page 688, Table V (latter part), columns 1 ami 6, first line, /or ‘ W,’ read ‘ 
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Page 707, line 9, for ‘ as ’ read ‘ at ’ 

Page 708, heading of Table V, for ‘ or ’ read ‘ of ' 

Page 718, line 4, for ‘hte’ read ‘ the ’ 

Page 746, line 5, for ‘ grow h ’ read ‘ growth ’ 

Page 753, line 14, for ' fertiliasimal ’ read ‘ fertilissiraa ’ 

Page 763, line 16, for ‘ Basa ’ read ’ Basal ’ 

Page 753, last line, for ‘ ittle ’ read ‘ little ’ 

Page 75.5, line 4, for ‘ [Singh, 1939 ’ read ‘ [Singh, 1939] ’ 

Page 755, line 10, for ‘ soil- ’ read ‘ soils ’ 

Page 755, line 11,/or ‘ questios ’ read ‘ question ’ 

Page 765, lino 1 2, for ‘ energyn ’ read ‘ energy - ’ 

Page 765, line 18, for ‘ p ants ’ read ' plants ’ 

Page 783, Ihre 1, /or ‘ thant wice ’ read ‘ than twice ’ 

Page 788, line 4, for ‘ have) ’ read ' have ’ 

Page 789, hne 28, for ‘ clause- ’ read ’ clauses ’ 
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[He influence of vaeiations in the interval 

EETWEEN CUTTINGS ON THE YIELD AND CHEMICAL 
COMl’OSITION OF SOME P,i:EENNIAL GRASSES IN 

THE PUNJAB 

BJ 

P. E, LANDER, M,A., D.Sc„ F.LC., I.A.S. 

AgriaiUural Chemist to Government, Punjab, Lt/allpur 

( l l<XHijiv<Ni for |vribiicatioD on I Docembor 1941 ) 

^ HE Chemical Section of the Punjab Agrifailtiiral Department has during 
• recent years carried out extensive ^^ijitiidies of tlie nutritive values of 
natural and chltivaiod fodders of the provance. The results of some of these 
investigations sjiread over* a ([criod of six to seven years have aheady heen 
publfeh(3d by Lauder [LKi7| in a. l>ullelin (billed Indian Grazing Conditions 
mid the Mineral- Covierd of soine Indian Fodfers, A second edition of this 
bnlletin, brought uj) to date, is in the pr(\ss. 

These investigations have to souk*^ extent, followed, or been coincident 
with, w^ork by the Fodder Specialist, in S 4 imting Vfirions wild grasses oi the 
province likely to prove vaiiiahk:5 u» ' ‘v'j special <aiUivated conditions. 

A detailed inve.stigatiun '-vi uie coiirparative yield and nutritive value of 
thei^ie specially sekaded grasses rvhen <‘ut- at different stages of growth and 
development l-HVvLcfui carried out in collaboration wdth tlie Fodder Specialist 
at tlu> SidHstation at Sirsa in tlie Ilissar district, a locality which 

^Thxs^lon g bec-ii noted lor the famous Ilissar breed of cattle. In the bulletin 
roferreci to above, brief mention lias bei r^ tnade of this work and some of the 
data available at the lime of w riting givNui. The investigation has now been 
completed and the results and conclusions arrived at are presented in this 
paper. 

jllXPEKlMILNTAL 

The plans on the next page show the maimer in which the experL 
mentHl plot of land w as divided amongst the various grasses investigated. 

Plan A sliows the lay out of tlu‘ |)l(d.s under dhe five different grasses 
investigated, and plan 1> the manner in w hiidi each plot is further sub-divided 
into six sub-plots. It will be seen from plan B tliat from sub-plot a, a fresh 
grow^th of grass was olitained each month, while sub-plots b and c gave a 
number of cuttings tavo and three months old respectively. Sub-plots d, 
e and f are dupliiaites of a, b and c. Of these five grasses, anjan, paltrnn, 
and cMimbar are special selectionB made from the wild grasses of the pro- 
ymee by the Fodder Specialist, whilst Rhodes grass is^ a promising exotic 
only* recently introduced for trial at Sirsa. , land oil wli|ch the grasses 
were grown was a loam soil of average ferti lity and all the gi asses were planted 
in rows' 2-3 ft. ap^rt ur the fmst week of March 1938. (I'br analyses of soil 
see Table IV Meteorological data are presented in the appendix. 
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Plan A 


— 132 ft. 


Non-experimantal plot 


1. Rhodes {Ohloris gay ana) 


2. Anjan {Penniaetum cenchroidea) 


3. Pahvan {Androfogon annulatua) 


4. Dub (Cynodm dactylon) 


5. UltCfhfntMr {IMmaine flagellefera) 


Non-experimenttil plot 


Plan B 


a. Reserved for one-monthly cnttings 


b. Reserved for two-monthly cutting*? 


c. Reserved for three-monthly cuttings 


d. Duplicate of a 


©. Duplicate of 1| 


f. Duplicateofc 
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Sampling and analysis 

In 1938 the grasses were sampled from June to November and not during 
the winter months, and as at that time there were no facilities on the spot 
for estimating moisture, data for total dry matter could not be obtained. 
Arrangements were made in due course to remedy this defect and in the 
following year complete data throughout the whole year were collected. 
Representative samples of grass from each cut were carefully dried at Sirsa 
for dry matter determinations and sent to Lyallpur for chemical analysis 
which included protein, ash, acid-soluble ash, lime, phosphoric acid and potash. 
The data of yield and chemical composition are given in Tables I-III. 

Discussion of results 

Yield 

Table I shows the total yield of freshly cut grasses and the various nutri- 
tive constituents obtained per acre during each year. The figures given 
represent the sum total of the individual yields corresponding to different 
cuttings obtained throughout the year in accordance with the rotations already 
mentioned. 

Green herbage 

It will be seen that palwan gave the highest yield of green grass and was 
followed by Rhodes and anjan whose yields were almost equal. Dub and 
chhimbar gave only about one-third the yield of palvxin and do not compare 
with it or with Rhodes and anjan. If we consider the effect of the length of 
the interval between any two cuttings on the yield of grass, it will be seen 
that, except in the case of dub, the yield of green grass is greater the longer 
the interval between cuttings. This was esi)ecailly noticeable in the case of 
palwan, Rhodes and chhimbar. These results are in agreement with those 
obtained by Paterson [1933 ; 1935] for some tropical grasses and Woodman 
et al. [1929] for pasture grasses in temperate regions. 

Dry matter 

In computing the nutritive requirements of animals the usual procedure 
is to base estimates on the dry matter of the feed given and not on the total 
bulk of the green material. This is an important point to be borne in mind 
in view of the fact that the total yields of dry matter obtained are usually 
greater the longer the interval of time between any two cuttings. If we 
consider a single entire experimental period it will be seen from Tables I and 
II that there was a greater total quantity of grass obtained after longer 
intervals and also that the percentage of total dry matter was greater. As a 
general rule it may be said that in the case of these grasses the yield of dry 
matter is proportional to the yield of green grass. 

Protein 

The data for the two years given in this paper indicate a tendency for 
varieties which give the highest yields of dry matter to give also the highest 
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Average composition of gross at different stages of maturity 
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'I’abde III 

Yield and average compemtion of grasses at. dijjerc.nl stages in different smsons 

of the year 

I i [ Pit oont ovcn-diicd material ( yield of 

Serial! I»ry ' ! grass In 

No. ! Description ; matter j • , I j md. per 

i 1 (per cent) j proteiu I OaD ; P.Oj I K,0 acre 


Smnnici ( April-Sfiple.wher) 


1 1 

Rhodes, oiie-iTioiithl.V 

32 • 1 . 

7 ‘ 00 

0 80 

0-71 

1-85 

1112 


.Rhodes, two-nionthl.v 

;;;{ • 2 ; 

5 15 

0-84 

0(12 1 

1 -48 

110 8 

3 i 

1 

Hhodes, three-monthly 

53 '(> ; 

3-07 ; 

0-77 

0 • 52 1 

1 dU) 

1 19 5 

4 I 

one-nvonthly 

.‘51 d> 

1 

7 • 05 1 

0-81 

0 • 70 : 

3 * 40 

97-4 

5 ! 

Anian, tAvo-monthly 

ni 3 ^ 

5 ■ 30 j 

0 ■ 82 

0-71 

3-05 

111 0 

6 

Anjariy thriH'-monthly . 

45-2 ; 

3*79 : 

0-83 

0-00 j 

2 -50 

112*0 

7 

PalwaHy one- monthly , 

38-0 

I 

7*00 ! 

0(14 

0-44 ; 

2 '04 

121 0 

8 

Palu'av, two-monthly . 

41 ■() 

5-02 j 

0 • 57 

0-28 i 

1 >08 i 

142*2 

9 

Palwan, three-monthly 

57-4 

3 -90 j 

0-54 

0-30 1 

1 ■ 58 1 

145*2 

JO 

Dub. one-montlily 

53 0 

0-4S i 

0-73 

0-48 

1*48 ; 

49 -9 

11 1 

Dub, tvvo-monthl^ 

1 51-7 : 

4-41 

0 • 70 

0-45 ; 

l^l 1 

52*7 

J2 j 

Dub, three- monthly 

(14 -I 

; 

4-27 

n 81 

0-41 i 

1 ' M i 

55 * 1 

13 i 

Chhimbar, one-monthly 

59-7 j 

8-69 

0 ■ 7S 

0-60 i 

1 -57 

24 • 1 

14 

(Jhliimbar, iwo-monl hly 

:a)-\ i 

4 ■ 9<i ■ 

o-si 

0-50 : 

119 

31 5 

15 ' 

Ohhimbar, three-mcmthly 

72-0 ’ 

4 • or. 

0'89 

0-51 

1 *21 

.34 :» 



\V infer (Odoher- March) 





1 , 

Rhodes, on(’-nH.»nt h1.\ . 

29 • ;> 

9 • 28 

j 0 • 97 

i 0-84 

1 ■ 04 , 

32 5 

2 i 

Rhodes, two-moidhly . 

:Ri-0 

OOl 

! 1 -oo 

I 0-78 

i 

1 -32 i 

35*0 


Uhode.s, thn?(!-inoidiily 

30 • 0 

4-79 

0'94 

1 0-73 

1 ■ 50 1 

37*9 

4 

Anjuu, one-nioj]thly 

‘28-8 

S • 90 

0-85 

o..r, 1 

1 1 

3 ■ 37 

37 0 

5 

Anjan, two-monthly . 

29-4 

7 03 

(1-91 

0-87 ' 

2*70 ' 

35*2 

0 

Aujiin, threc-montlily 

31 •() 

5 • 70 

()-95 

0 • 74 

2 • 02 1 

I 

40*1 

7 

Palwan, onc-inoiithly . 

i 34-8 

8-07 

()0(> 

0 -50 

1 1 • 05 1 

40*5 

8 

Palwan, two-iuonthly . 

i 38-(> 

5 10 

: 0-55 

j O' ‘35 

j 1 ■ 75 i 

50 • 1 

0 

Palwan, three -monthly 

! 43 0 

3-90 

i 0 ■ 05 

0 ■ 33 

i 

45*1 

10 

imYo onc.-nuMd hly 

40-9 

0 - 32 

1 ((-79 

0 ‘ 57 

’ 1 '42 

13 '2 

11 

Dub, two-montlily 

44 5 

i 5: 90 

0 91 

0-49 

i 1-14 

! 0*9 

12 

Dub, three-monthly 

60 -5 

• 0-08 ' 

1 • 04 

0-47 

1 1 *07 

1 " 5*9 

13 

j Vhfiiwbar, oiie-montJily 

Cl -2. 

' H * 5*"’ 

1 01 

i 0*71 

1 '36 

j ■ 4 * 1 

14 

j Chhhnbar. two-moul hly 

47 0 

0-38 

0'98 

j 0*03 

1 *21 

! ' 3*7 

1 

16 

Ohhmbar, three-monthly 

1 

r- 52-5' 

! ■ 5'68 

i 

0'97 

003 

! 

1*19 

' 5 • 1 

i 


I 
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Table III -conid 


Serial 

No. 

DcHcriiitioii 

l>r.v 
mutter 
(per (Unit) 

j l*er oent oven-dried material 

Yield of 
grass in 

Protein 

(JaO 

p*0. 

lv,0 

md- per 
acre 

J 

Sumjntir {A prU-September) 

KhoclcH, one-monthly . . . j 27-5 | 7-riO j 0-74 

0 • 76 

! • 78 

78-2 

2 

K-hodes, two-inoiitlily . 

88 '8 

4*80 

0 00 

0 68 

I -60 

93-7 


llhodos, three- monthly 

did 

8d(> 

0 00 

0 ■ 59 

1 18 

II0-2 


Anjan, one-monthly 

24 4) 

7-58 

O ' 74 

0-84 

.8 • 70 

106 1 

0 

Anjan, two-Tiionthly . 

80*7 

5-45 

0 ■ 70 

0-61 

8 05 

U9-4 

(5 

Anjan, three-monthly . 

40 •« 

4 00 

0 • 79 

0-62 

2-10 

115 3 

7 

Paiwan^ one-rnonthly . 


B.24 

0 06 

0-47 

1 -95 

101 

8 

Pcdwan, two-monthly . 

88-8 

4 02 

0-61 

0 .84 

1 -60 

125-8 

9 

Palwan, tlirec-inonthly 

47-0 

2-58 

0 55 

0-25 

1 04 

162-8 

JO 

Dub, one-monthly 

40-4 

5 08 

0-80 

0-50 

1 '50 

17*4 

1 1 

Dub, two-monthly 

52-8 

4-95 

0 • 78 1 

0-49 

1-24 

18-8 

J2 

Dub, three-monthly 

r. 2-2 

4-95 

0 -88 : 

0-48 

1-15 

17-8 

i;; 

Chhinibar, one-monthly 

42 '4 

7 *22 

0-8J 

0-71 

1 -38 

1 1 -3 

14 

Cbhhnbor, two niontlily 

J7-8 i 

5-72 } 

0 • 86 

0-07 

1 -23 

13-1 

u, ! 

dfibirnbar, three-inontldy 

.58*4 i 

5-08 

0-84 

0 • 67 

L-13 

14-8 

] ; 

1 Vinter { October- M arch ) 

lihodes, one-monthly . . .1 80-8 i 0-74 1 

t)'91 

0-98 1 

1 ’62 1 

19 2 


Jlhode-rt, two-monthly . . . j 

83-8 1 

0-81 

0-89 

1 0-89 1 

1 -48 

84-4 

; 

Rhodes, tJire(umonthJy , . ! 

85 • 1 

4 -SO 

0-98 . 

0-81 i 

j 1-30 

1 

4 ^ 

An^an, one-monthly 

28 • 9 

8*42 

, 1 *08 

1 -06 

3- 11 

! 

! 26 ■ 9 

5 ; 

Anjan, two-monthly 

80-7 

6-79 

; 1 ■ J 2 

J -00 

2 67 

1 36-6 

9 ; 

Anjan, three-monthly , 

88 0 

5 1 1 

j 1 -20 

1 0-80 

2 • 30 

j 38-8 

7 : 

Pahvan, onc-rnonthly , 

85*8 

0*21 

1 

1 0*v80 

j 0-61 

1-53 

i 

28-0 

8 ‘ 

Pain an, two-monthly . 

88 • 8 

.,..7 

i 0*78 

i 0*40 

1 35 

31 0 

9 

Pab/an, three-monthly 

40-4 

8-52 

0*77 

! 0-35 

1 

I -30 

45 6 

10 

JJith, one-monl.hly 

50-7 

0-85 

0-94 

! 0-56 

1 

1-20 

4-6 

1 

11 

Dtib, two-monthly 

58-9 

5-73 

j J-08 

’ 0-52 

1 • 03 

1 

12 

Dub, three-monthly 

57 ■ 8 

i 5-81 

1 

1 *08 

; 0 ■ 50 

1-16 

4-5 

141 

Ohhinibar, one-rnonthly 

I 

' 44-5 

1 8-20 

1 12 

‘ 0-90 

1 -24 

I 2*0 

14 

1 dhhimbnr, two-monthly 

44 0 

1 fi*00 

121 

0 • 78 

1 -03 

' 2-6 

1 

15 

1 Chhimhar, three-monthly 

! 48*4 

j (i-34 

j 1-18 

1 0 • 80 

1 

113 

1 3-J 

j 
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yields of protein, but the data for the two successive years are not consistent. 
In 1939-40, although the total monthly cuttings of all the grasses under trial 
yielded less dry matter than the two and the three-monthly cuttings, the higher 
protein content of the young grass (Table II) more than counterbalanced 
the effect of the lower yield, with the result that the monthly cuttings gave a 
greater protein yield in that year. It was further found that three-monthly 
cuttings gave a greater sum total of protein than the two -monthly cuttings. 
This finding, however, did not hold strictly true in 1940-41 when the yield 
of protein in the monthly cuttings was not consistently greater in all cases. 
This may be explained by the fact that in the case of some varieties the per- 
centage increase of green grass and dry matter in the case of two and three- 
monthly cuttings was much greater in 1940-41 than in 1939-40, and conse- 
quently the higher protein content of the individual monthly cuttings did not 
' match the high protein resulting from the greater yield of dry matter in 
1940-41. 

Lime, phosphoric acid and potash 

It will be seen that as the interval between any two cuttings increases 
the sum total yield of lime is greater, but the variations in the total yields of 
phosphoric acid and potash were not regular. The data obtained therefore 
do not yield any conclusive evidence that different cutting rotations have 
any pronounced effect on the total yield of either of these two constituents. 
Chemical composition 

The results of the mean chemical composition of the various grasses cut 
at different intervals of time are given in Table II, in the construction of 
which the original data and the absolute amounts of the various constituents 
obtained from different plots for an entire year have been employed. The 
figures for mean composition given in Table il have been arrived at by divid- 
ing the total amounts of the various constituents by the total amounts of dry 
matter and expressing the former as percentages of the latter. It will be 
seen that there are definite variations in the percentages of some of the 
chemical constituents in the grasses, e.g. anjan is particularly rich in potash, 
while palwan is very poor in Loth lime and phosphoric acid. With these 
exceptions, however, there appear to be no major differences in the chemical 
composition of any of these grasses from similar cuttings. In regard to 
differences in chemical composition when grasses are cut after varying intervals 
of time, it will be seen that : — 

1. There was a progressive increase in the percentage of dry matter as 
the interval between any two cuttings increased. 

2. The percentage of protein, phosphoric acid and potash decreased 
with increasing intervals of time between cuttings, the decrease being more 
marked in the case of protein. 

3. The percentage content of lime appears to be independent of time 
intervals but there is sometinies a slight fall in the lime content and at others 
a slight rise. 

Ratio of lime and phosphoric acid 

While the functions of both lime and phosphoric acid in fodders has 
been recognized for long, the far greater importance of the ratio of the two 
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has only been brought into prominence in recent years. Crowther [1939] 
suggests that this ratio should be 1:1*5 expressed as equivalents of CaO 
and P 2 O 5 , because this is the ratio in which these two minerals exi^t in milk. 
It has accordingly been calculated and given in Table II as phosphorus- 
calcium equivalents. It will be seen from these figures that although none 
corresponds with the standard figures mentioned above, the monthly cuttings 
of anjan and Rhodes in the 1940-41 season approached nearest to the standard. 
It will be further noted that as the intervals between the cuttings increased, 
the ratios tended to deviate more from the standard, because, as already 
pointed out, as the interval between cuttings increases the phosphoric acid 
content decreases but the lime remains more or less constant, thus introduc- 
ing a deviation in the ratio of these constituents. This is a very important 
point because although, as we have seen earlier, longer interval between 
cuttings increases the total yield of dry matter it nevertheless disturbs the 
very important lime-phosphorus ratio. 

Effects of season 

The effect of variations in tlie season on chemical composition is clearly 
brought out in Table III. The data from two arbitrary periods, viz. summer, 
from April to September, and winter, from October to March, have been 
separated and the mean composition of the grasses for the two periods cal- 
culated on the same lines as were adopted in the construction of Table II. 

It will bo seen that the total yield of fresh grasses obtained in the winter 
period is much less than that obtained during the summer period, the ratio 
being from one-third to one-fourth. This would naturally be expected as 
growth is much more luxuriant during the high temperature and monsoon 
rains of summer than in winter. Woodman and Oosthuizen [1934] have 
reported on the chemical composition of winter and summer pasture grasses 
in England, where the winters and summers are not comparable with Indian 
winters and summers. It would be more strictly accurate to comi)are the 
English summer with the Punjab winter from a climatic point of view. These 
observers found in the case of Enghsh pasture grasses that the summer crop 
is richer in protein, phosj^horic acid and lime than the corresponding winter 
crop. Data for the Punjab show that although the yield of grass is less 
during wdnter, it is nevertheless richer in the above-mentioned constituents. 
During summer the high metabolic activity of the plant material is directed 
more to the formation of carbohydrates than protein material and the absorp- 
tion of calcium and phosphorus by the roots. This naturally results in a 
picture of the chemical composition of the winter and summer grasses, the 
reverse of that found in temperate climates. An interesting point which is 
worth attention is the fact that although the Punjab winter grasses of from 
one to two months old were richer in nitrogen, calcium and phosphorus than 
summer grass, they were poorer in their potash content. In the case of grass 
which was three months old, however, the content of potash in the winter 
grass was greater than that in the summer grass of similar age. Some 
explanation may be found for the high potash content of summer grasses in 
the necessity of the plant to meet particular seasonal requirements. During 
summer photosynthetic activity is greater than in winter and as potash is 
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considered to play an important part in regulating this jjartioular activity, 
the content of potash in summer would naturally be expected to be greater 
compaied with other food constituents. 


Summary 

The paper describes tlie etfects of intervals of cutting and of season 
on the yield and chemical eomix^sitimv of some important |)erenmal grasses 
of the Punjab. 

Longer intervals l)etween two cuttings gave greater yields of both 
green herbage and dry matter. 

A progressive fall of protein, i)hosj)horic acid and potash contents of 
the dry matter in the gra>ss occurs with increasing intervals of time between 
cuttings. 

Varying intervals of time between ciiitings do not alTect the lime con> 
tent of grasses. 

Grasses yield mucli more dry matter in sumincu* tli;in in winter, but 
the herbage obtained in summer was ])oorer in protiMn, caluiuin and phos- 
f)lK)rus than the corresponding herbage^ oblained in winter. 

Although young herbagr^ ol)taiiied in summer was poorer in its cal- 
cium and piiosplioric* a(*id <*ontimts, it was richer in ))ota,sh than the winter 
lierbage. 

From the jKjint of view of the yieltl of dry malter, the giaisses iiiv'^es- 
tigated may be arranged in ihe order: jxilwan, avjan (and IMiodes), dab and 
chhrmhar : with i*esj)Oct to cah'ium and pivospliorous contents, however, 
pahrafi comes last, the rest not showing any signiheant differences. 
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SOME OBSERVAT FOIL’S ON THE GROWTH OE THE 
COCONUT FRUIT WITH 81’ECIAL REFERENCE 
TO SOME OF THE CHANGES UNDERGONE 
BY THE FIBROUS CONSTITUENT 
OF ITS MESOCARP 

EY 

S. R. K. MENON, M.A. 

Rcsmrch Chanist ivith the Ceylon Coconut. Board, Colombo 
(KocoivT5(l for on 2 August 1941) 

(With two tGxt-%uroB) 

I N view of ilie facts iliat the coconut, unlilvc Tnan\^ other fruits, is composed 
of several f)hy8ically and chemically distinct components, that each of 
these components has unicpie economic value, and tliat the fruit takes normally 
more than a year to idpcn aiid fall down, it was thought expedient to trace 
the growth of the fruit w ith poxticular rcfeience to the changes occurring in its 
several components. It is true that fairly detailed descriptions of the growth 
of tlie fruit are found in sudi classic^al treatises on the coconut palm as those of 
Copeland [1931], Samjison [1923] and others, but those studies have not been 
of the strictly scientific ty|)c involving due insistence on all possible measure- 
ments and analyses. The present study is <‘in attempt to exclude that serious 
defect and indicate a possi ble lino of successful a-ttacd; of several problems re- 
lating to the grow th of tliis impoi tant agricnlturaJ product. 

Material and methods 

It is a matter of fjimiliar observation that coconuts belonging to the same 
bunch make tlie greatest aj»])roaeli to unihirmity. Nuts of the same bunch 
arc very nearly of the same age, Further, ecjuidistrihution of nourishment is 
ensured among these nuts, and they undergo identical vicissitudes of atmos- 
pheric and soil conditions. 1'he approximate uniformity of the nuts in regard 
to shaj jc, si/.c and weight is to lie attributed to these causes. 

There is a general rule that the s|)acing in time of any two (consecutive 
bunches on the palm is almost a constant, viz. a month. Whatever may be 
tlie value of tins rule in general practice, it is undependable for rigorous scienti- 
fic study. Conclusions draw n, therefore, from the measurements and analyses 
of nuts })icked from different bunches of the in^e at the same time are lacking 
in exactitude, Morooever, it has liccn oliseu ved that the coconut fruit is ex- 
tremely sensitive to veather conditions, and inasmuch as different bunches 
have experienced different states of the w eather, new factors creep in and vitiate 
the records set up by the mere passage of time. 

In view of these factors, the method was adopted of keeping under obsc^r- 
vation the same bunch for a period of about 12 months during which period the 
nuts constituting the bunch giw from infancy and reached maximum 

423 
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maturity on tree. The bunch with the largest formation of nuts was 
selected and on a 8i>ecific date of each successive month a man was sent up the 
tree and a nut detached from the bunch. This nut was then measured and 
analysed in accordance with the scheme embodied in the tables. For the 
purpose of confirmation of results and of conclusions drawn therefrom, the 
experiment was conducted on three trees, and two bunches were marked out 
on each tree. 

The nut was weighed immediately after picking, and its volume determined 
in a specially constructed over-flow jar, a lead sinker of known volume being 
used whenever necessary. The kernel w^as scooped or cut out of the shell as 
required and weighed in the raw state. The husk was torn to pieces and boiled 
in about 2-3 litres of water with 5-10 gm. of sodium sulphite, for a couple 
of hours, when it softened to such an extent as to render possible the easy 
separation of the fibrous from the non-fibrous matter by simple mechanical 
means. After separation and thorough washing, each component was air- 
dried and weighed . 

Before determining the specific gravity of the fibre and subjecting it to 
chemical analyses, a further purification was effecited by boiling the finely 
divided fibre with 20 per cent acetic acid for half an hour, followed by repeated 
washings with distilled water, this procedure having been found suitable in 
previous work of the author [Menon, 1935]. The fibre was then dried, and 
after air-conditioning stored in a stoppered bottle. 

Determination of the specific gravity of the various samples of fibre pre- 
sented difficulty at first. Using the well-known method of the specific gravity 
bottle, it was found that there was no early limit to the time for wdiich bubbles 
of air escaped from the immersed fibre. Consequently, values obtained by 
this method on the same sample disagreed profoundly. Complete satisfaction 
was secured, however, when the fibre w^as first boiled in a beaker with distilled 
watei for about 15 minutes, when all the capillary air was expelled and the 
particles settled down. The beaker with contents was then rapidly cooled, 
and the fibre transferred into the specific gravity bottle by means of balance 
forceps. The bottle was then filled with water, stopper replaced, and weigh- 
ings made as usual. The fibre w^as carefully shaken out from the bottle into 
a filter cone, which was later dried in the oven. The dry fibre was next trans- 
ferred into a weighing tube, which was then introduced into a special drying 
apparatus by the aid of which its bone-dry w'^eight w^as determined. This value 
represented the weight of fibre in the specific gravity calculation. 

Lignin and furfural values recorded in Tables IV and V are based on the 
bone-dry fibre, and were estimated by the familiar 72 per cent sulphuric acid 
•end Tollen’s methods respectively. 

Discussion 

Figs. 1 and 2 throw light on the value of the method adopted for tracing 
the growth of the coconut fruit. 

When measured in C. G. S. units, the weight and volume of the fruit are 
very nearly equal for the first six months of growth, which in other words 
means that the specific gravity of the fruit taken as a whole is almost the same 
as that of water. After this period, the weight of the nut rapidly decline 



Ill] 


•GROWTH OF THE COCONUT FRUIT 


426 


until it becomes less than half the maximum value it had reached. This 
decline is in spite of the fact that the kernel goes on increasing in weight 
and the diminution in weight of the nut water is only a negligiblefraction of the 
total loss in weight of the fruit. The obvious explanation is that the husk 
which is heavily soaked in water during the earlier stages of growth begins 
rapidly drying up even while the kernel is in the process of formation and under- 
going active synthetic reactions. The volume of the fruit remains, however, 
constant but for the slight diminution that takes place owing to shrinkage as 
the fruit dries up. 



Date of picking 

FiQ. 1. Growth of fruit (Tree No. 171, Bunch No. ?) 
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Table I 


Tree No. 171 



No. of 

Weight 

Vol. of 

Vol. of 

Weight 

Weight 

Weight 


nvits 

of 

fruit 

nut 

of 

of 

of 

Date of picking 

in 

fruit 

(c.c.) 

water 

kernel 

fibre 

pith 

bunch 

(gm-) 


(c.c.) 

(gm-) 

(gm-) 

(gm-) 


15 June 

1938 


14 

Bu 

nch No. 1 

348 


0 

23 

5 

15 July 

>> • 


12 

581 

586 

100 

0 

26 

14 

15 Aug. 

♦ » * 


11 

1193 

1230 

230 

7 

50 

31 

15 Sept. 

• 


10 

1720 

1710 

336 

22 

72 

44 

16 Oct. 

9 * • 


9 

2122 

2150 

225 

117 

98 

46 

15 Nov. 

>> • 


8 

2250 

2420 

160 

201 

129 

75 

16 Doc. 



7 

1614 

2300 

110 

199 

131 

71 

15 Jan. 

1939 


5 

1515 

2380 

110 

241 

148 

84 

15 Feb. 

»» * 


4 

1563 

2530 

120 

272 

151 

103 

16 March 

»» • 


3 

1086 

2145 

60 

219 

134 

92 

15 Apr. 

>> • 


0* 

984 

2135 

70 

231 

140 

103 

15 June 

1938 


9 


Bunch Nc 

1048 

2 

0 

59 

9 

15 July 

»» • 


8 

1699 

1690 

325 

9 1 

71 

39 

15 Aug. 

?» • 


7 

2386 

2450 

293 

1 20 

98 j 

59 

15 Sept. 

91 • 


6 

2457 

2582 

210 

187 

126 

82 

15 Oct, 

91 * 


5 

2398 

2680 

195 

246 

163 

93 

1 5 Nov. 

99 * 


4 

2063 

2915 

140 

299 

161 

128 

16 Dec. 



3 

1429 

2590 

95 

262 

149 

100 

15 Jan. 

1939 


2 

1510 

2760 

125 

284 

172 

113 

16 Feb. 

99 • 


1 

1263 

2560 

83 

267 

156 

106 


‘Both the remaining nuts grew dead ripe and fell down before date ; one of them was 
analyaed and recorded ae above 
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Table II 


Tree No. 152 



o 

6 

1 

Weight 

Vol. of 

Vol. of 

Weight 

Weight 

Weight 


nuts in 

of 

fmit 

nut 

of 

of 

of 

Date of picking 

bunch 

fruit i 

(gra-) 

(c.c.) 

water 

(c.c.) 

kernel 

(gm-) 

fibre 

(gm-) 

pith 

(gm.) 


Bunch No. 1 


16 June 1938 


12 


623 


0 

36 

11 

15 July 

>» • 


10 

1122 

1090 

250 

0 

61 

29 

16 Aug. 

»> * 


9 

1600 

1600 

240 

80 

70 

48 

15 Sept. 

>> * 


8 

1667 

1660 

145 

162 

83 

63 

16 Oct. 

♦ .» • 


7 

1626 

1670 


206 

89 

47 

15 Nov. 



6 

1480 

1610 

85 

204 

99 

76 

16 Dec. 

♦ . • 


5 

992 

1625 

40 

211 

96 

62 

15 Jan. 

1939 


4 

895 

1440 

26 

207 

103 

69 

15 Feb. 

»» • 


3 

864 

1586 

60 

187 

106 

68 

16 March 

»» • 

. 

1 

742 

1640 

30 

222 

118 

83 


Bunch No. 2 


15 June 1938 


12 


316 


0 

21 1 

7 

15 July 


* 

11 

584 

540 

115 

0 

29 

17 

15 Aug. 

»» • 


10 

1129 

1140 

197 


53 

30 

16 Sept. 

»» • 


9 

1367 

1350 

170 

91 

73 

45 

15 Oct. 

* 


8 

1662 

1580 

110 

153 

81 

41 

15 Nov. 

• 


7 

1621 

1660 

105 

174 

99 

79 

15 Dec. 

• 


6 

1245 

1730 

55 

186 

103 

67 

15 Jan. 

1939 


6 

919 

1520 

66 

172 

100 

69 

16 Feb. 

9f • 


4 

931 

1740 

50 

262 

115 

72 

15 March 

• 

• 


765 

1490 

40 

186 

109 

71 


The two remaining nuts fell before 16th April 1939, after growing dead ripe 
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Table III 
Tree No. 145 


i 

Date of picking 

No. of 

Weight 

1 Vol. of 

Vol. of 

Weight 

Weight 

Weighi 

nuts in 

of 

fruit 

nut 

of 

of 

of 


bunch 

fruit 

(gm-) 

(c.c.) 

water 

(c.c.) 

kernel 

(gm.) 

fibre 

(gm.) 

- 

pith 

(gm.) 


Bunch No. 1 


16 June 1938 

• 

8 

•• 

238 


0 

. . 

1 “ 

16 July „ . 

• 

7 

604 

690 

136 

0 

28 

15 

16 Aug. „ . 


6 

1400 

1430 

297 

0 

60 

45 

16 Sept. ,, . 


6 

1822 

1860 

336 

34 

89 

53 

16 Oct. 


4 

1942 

1960 

256 

91 

100 

66 

16 Nov. ,, . 


3 

1917 

2036 

180 

143 

1 

110 

107 

16 Dec. ,, . 


2 

1797 

2240 

176 

1 

1 221 

133 

88 

16 Jan. 1939 . 


1 

1522 

2185 

155 

263 

137 

92 




Bunch No. 2 




16 June 1938 


8 j 


138 

. . 

0 

9‘4 

1*6 

15 July „ . 


7 

368 

340 

65 

0 

18-5 

11 

15 Aug. „ . 


6 

912’ 

897 

207 

0 

41 

27 

15 Sept. „ . 


6 

1659 

1700 

345 

6 

82 

52 

16 Oct. „ . 


3 

1823 

1830 

300 

67 

97 

57 

16 Nov. ,, . 

• 

2 

1783 

1845 

180 

139 

104 

87 

16 Dec. M . 

• 

1 

1907 

2330 

205 

209 

129 

83 


This branching of the weight- volume curve signals the beginning of a new 
series of chemical changes within the husk. It will be observed in Figs. 1 and 2 
that the increase in weight of the fibre is almost uniform during the early period 
of growth, but the rate of growth declines after the weight of the fruit has 
begun to diminish. The reason for this may be that the formation of the non- 
lignin constituents of the husk comes to an end as soon as the husk begins to 
dry up, and that thereafter the increase in weight of the fibre content is only 
due to the lignification of the fibre, which proceeds more rapidly after the husk 
has begun to dry up. There is reason to suppose that the type of lignification 
that takes place after the drying up of the husk has commenced is significantly 
different from the type that precedes it. In the former, it is more a case of 
deposition of phenolic compounds on the cellulosic framework of the fibre than 
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a case of chemical linkage of the ring compounds with the chain dike structure 
of the cellulose. In this connection the author’s conclusions based on the 
study of the nature of the lignin eomj»lex of coir fibre [Menon, 1936] may 
appear meaningful. Table IV shows that the lignin value of the fibre goes on 
steadily increasing practically to the very last stages of growth of the fruit. 
This is in agreement with a previous observation of the writer [Menon, 1935] 
that the methoxyl value of coir fibre increases with the growth. Table 
V shows the quantity of non-lignin present in the fibrous matter 
of the fruit at the various stages of growth. Up to November 1938, 
the non-lignin content steadily increased, but the figures obtained for 
the next five months do not indicate, making due allowance for individual 
variation of nuts, that it increased subsequently. The practical significance 
of this observation is considerable. It proves that in picking the nuts before 
they are fully ripe, not only no loss in yield of fibre results unlike in the case 
of copra, but there is the striking advantage of obtaining a cleaner and whiter 
fibre that registers a higher non-lignin value and a lower lignin value. The 
advantage regarding colour and gloss is vital. The discoloration that the fiL*re 
is subjected to as the drying of the husk becomes intense and the extraneous 
tannin matter of the luisk deposits itself on the fibres, is permanent and inera- 
dicable ; it is responsible for the very low prices obtained for such fibres in 
the market. The practice adoj)ted, therefore, in Malabar of picking the nuts 
while they are still green, is scientifically justified from the view -point of coir 
production. 

Table IV 


Analysis of coir fibre extracted from nuts of varying growth 
(Palm No. 171, bunch No. 1) 


Date of 

picking 

Age in 
nionths* 

Moisture 
(per cent) 

Specific 

gravity 

Lignin 
(per cent) 

Furfural 
(per cent) 

15 June 1938 


X 

100 

1*52 

28-0 

16*5 

1 5 J uly „ 


X+ 1 

8-9 

1*52 

27*4 

16*0 

15 Aug. „ 


X + 2 

100 

1*50 

31*1 

15*5 

15 Sept. ,, 


x+J 

9*3 

1*50 

32*1 


15 Oct. „ 


X-f 4 

10 0 

1 • 50 

34*1 


15 Nov. „ 


X+5 

10-3 

1*51 

34*4 

14*3 

15 Dec. „ 


X-f6 

9-7 

1*50 

34*3 


15 Jan. 1939 


X + 7 


1*49 

35*5 

i 

16 Feb. „ 

. 

X+8 

9-6 

1*48 

36*4 

14 4 

15 March ,, 

. 

X-h9 

11-3 

1*48 

36*0 


15 Apr. „ 

„ 

X-f- 10 


1*49 

i 

37*2 



♦The value of X, as read from the graphs, is about 1 1/2—2 1/2 months 
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Table V 

Variation of the non-lignin content of coir fibre with growth 


Date of picking 

Weight of 
fibre 
grn. (IF) 

Lignin 
per cent 
(x) 

Non-lignin 
per cent 
(100 -a;) 

Weight c 
non-ligni] 
in fibre 

100 “ 

16 June 1938 

23 

28-0 

72-0 

10-6 

16 July ...... 

2C 

27*4 

72'0 

18*9 

16 Aug. ,, 

60 

3M 

08-9 

34-6 

16 Sept. „ 

72 

32- 1 

G7‘9 

48*9 

16 Oct. „ 

98 

34- 1 

65*9 

04-6 

16 Nov. „ 

129 

34*4 

CGO 

84* 6" 

16 Dec. 

131 

34*3 

05*7 

80-1 

16 Jan. 1939 

148 

36-5 

64*6 

95*6 

16 Feb 

161 

30-4 

63 ' 6 

i 

96*1 

1 6 Marcli ...... 

134 

30*0 

64 0 

85*8 

16 Apr. „ 

, 140 

37-2 

62-8 

87*9 

1 


Another remarkable fact revealed by Table IV is that the specific 
gravity of the fibre during its growth undergoes a little alteration, but this 
alteration is surprisingly on the negative side. This may be of great theoreti- 
cal significance, inasmuch as the process of increavsing lignification is not only 
not attended by any increase in specific gravity of the lignified material, but 
attended by a perceptible diminution of the same. 

The furfural value of the fibre too diminishes by slight degrees during its 
growth. Making allowance for the increasing proportion of lignin in tlie 
fibre, this indicates that the cellulosic portion of coir fibre is very rich in fur- 
fural-yielding substances from the very beginning. The proportion of such 
substances in the cellulose remains practically undiminished to the very end. 

One fact remains to be mentioned regarding the husk of the coconut. 
The non -fibrous constituent of the husk, as has already been stated, was separa- 
ted from the fibres by preliminary boiling with dilute sodium sulphite solution. 
Tlie reaction that takes place is not quite clear, but it is found to be very effec- 
tive in treating coconut husk during all stages of growth. The non-fibrous 
matter isolated from the immature nuts was not a corky powder as is commonly 
obtained from mature coconuts but a fine sticky paste which on drying assum- 
ed a leathery consistency. This paste was capable of binding the fibres into 
a tough mat. Elaborate experiments were recently conducted on this subject, 
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followed by large-scale trials at the Forest Research Institute, Dehra Dun, and 
a patented process has been perfected foi the manufacture of a variety of use- 
ful articles, now styled as ‘ Menonite ’ products, from the entire husk of imma- 
ture coconuts naturally falling from the tree and obtained as an agricultural 
waste in coconut plantations. 



Passing on to the remaining constituents of the coconut, Figs. 1 and 2 re- 
veal several interesting features. The kernel is the last coiistitueiit to begin 
formation,* and from the intrapolated curves it is found that its formation does 
not commence during the first three or four months. Once it commences for- 
mation, its growth is of a ‘ blitz ’ nature for the first two or three months, 
during which time it gathers most of its raw material. Afterwards growth in 
tlie form of weight slackens, the kernel thickens and increases in density , and 
the formation of fat becomes vigorous. Ultimately, as the moisture content 
of the kernel falls, its gross weight also registers a decline. An analysis of the 
kernel at various stages of growth, similar to the one conducted in the case 
of (ioir fibre, was not carried out, as the author is exclusively confined to work 
on coconut husk. But there is ample evidence to conclude that the fat 
content of the kernel goes on increasing to the last days of growth of the fruit, 
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and that from the view -point of the oil industry the nuts are most advantageous- 
ly gathered as late as possible. There is thus a conflict between the interests 
of the oil and coir industries. A compromise is the result, as practised in 
Malabar and the Southern Province of Ceylon, where the nuts are picked 
before they are fully ripe. 

Summary 

Certain changes undergone by the various components of the coconut 
fruit during its growth from infancy to maturity have been traced by means of 
experiments performed over a period of about a year on select bunches of 
three different trees. 
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ON THE NATURE OF REACTIONS RESPONSIBLE FOR 

SOIL ACIDITY* 

IX. THE ACID CHARACTER OF HYDROGEN CLAY 

BY 

J. N. MUKHERJEE, D.Sc. 

AND 

R. P. MITRA, D.Sc.f 

Physical Chemistry Laboratory, University College of Science and Technology, 

Calcutta 

(Roccivcd for publication on 29 October 194 J) 

(With nine toxt-figiiro.s) 

T he present paper is the concluding part of this xseries and gives a connected 
account of the experimental work relating to the acid character of hydro- 
gen clay done in this labora.tory. theoretical considerations underlying this 
work have been discussed in an earlier paper [Mukherjee, Mitra and Muklierjee, 
1937] and details will be avoided. It is, however, felt that a brief historical 
outline of the development on the theoretical side \vill be useful at this stage 
as the authors have not come across a comprehensive publication dealing with 
tliis aspect. Modifications of tlie cuiTcnt theoretical treatments are called for 
in the lic-ht of recent researcJies in this and other laboratories and it is intended 
to publish elsewliere a paper on these asjiects. 

The physical and cuiemical constitittton of hydrogen clays 

The expression ‘ soil acidity ’ lias been used to indicate, somewhat contrary 
to usage, the inherent acid character of soils. The nature and amount of the 
clay fraction determine to a large extent many of the ]>roperties of the soil, 
including its acid character. The hydrogen clay obtained from a soil represents 
tlio acid material in the clay fraction. Erom the point of view of physical and 
chemical constitution this clay fraction is a rather complex system. It con- 
sists of several chemical components in the sense of the phase rule some of 
which are not yet wel,l defined and of p:urticles whose size distribution varies 
widely from one clay to another. Their dimensions range from 2g down to the 
lower limits of the colloidal range and the assemblage manilbsts colloidal 
properties. 

Following the classical researches of van Remmelen [1912] the inorganic 
colloidal material of tlie soil bias often been regarded as a mixed gel of the oxides 
of iron, aluminium and silicon (also of manganese and titanium in much 

*Most of tliO nmilts givori in this of papers liuvo l)eon taken I’rom the Annual 

Reports for tlie y(‘ars 19:ir)>4() on tlie working ol'a Beheine of resoareb into the ‘ Properties 
of Ckilloid Soil Constituents’ financt^d by the linperial Council of Agrieultui'al Research, 
Imlia. 

fSenior Assistant Soil Chmiist uiuh ?’ th(‘ above seju me 
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smaller quantities) ; and the applications of the principles of colloid science to 
the study of soils has led to a rapid progress of our scientific knowledge regard- 
ing them. For a long time, however, this ‘ mixed gel ^ hypothesis and an 
erroneous stress on some aspects bf colloidal i)roperties appear to have kept in 
the background the crystalline nature of the inorganic soil colloids now defi- 
nitely established by X-ray [Hendricks and Fry, 1930; Kelley, Bore and 
JBrown, 1931; Hofmann, Endell and Wilin, 1934; Nagelschmidt, 1939], 
optical [Marshall, 1930, 1935 ; Hendricks and Fry, 1930] and thermal [Kelley, 
Jenny and Brown, 1930] investigations. Moreover, synthetic mixtures of 
purified colloidal oxides of silicon, iron and aluminium appear to differ mate- 
rially from the clays obtained from soils [Bradfield, 1923]. 

Modern researches make it increasingly clear that the basis of a unitary 
treatment of the properties of the soil and clay lies in the recognition that they 
are essentially disperse systems with a dominant electrochemical (polai*) 
character. Their colloid constituents belong to the class of electrolytic 
colloids.* 

The clay fraction as also the coarser particles which together build up 
the inorganic material of the soil are formed by the weathering of rocks which 
are polar or electrolytic substances. And the chemical reactions involved in 
weathering are mainly of an electrochemical character in which hydrolysis 
plays an important part. The influences controlling this hydrolysis, such as 
the reaction of the medium (pH), the salt content, time of contact, degree of 
leaching and otliers are largely conditioned by climatic factors, e.g. rainfall and 
temperature and their seasonal variations. The weathered product is also in 
essence polar in character and carries with it the im])ress of the physical and 
chemical reactions which the parent rock has undergone. It is therefore not 
surj)rising that the importance of rather detailed investigations by j)hy8ical 
and chemical methods of the colloid constituents of soil in soil genesis and soil 
classification is being increasingly realised [Byers et al., 1931, 1932, 1933, 1935, 
1936; Edelman, 1939]. 

In soils and clays the absorption complex consisting of the secondary clay 
minferals, comminuted primary minerals, humus and the free oxides is consi- 
dered to be responsible for most of the colloidal properties manifested by them. 
Base exchange, flocculation, deflocculation, soil structure, shrinkage and 
swelling are illustrations of such properties which are determined by tlie nature 
and amount of the ‘ complex ’ present in the soil. The hydrogen clay repre- 
sents the acid form of the complex freed from exchangeable bases. It is this 
acidic part which mainly determines the colloid behaviour of soil. Wlien freed 
from organic matter, it represents the acid form of the inorganic part of the 
complex. It would thus appear that the electrochemistry of the colloid 
constituents, the clay and humus fractions of the soil, is of direct interest in the 
elucidation of many aspects of soil behaviour. And investigations on the 
electrochemical properties of the colloidal iuud, the hydrogen clay, occupy a 
central place in a systematic treatment of soil behaviour. 

♦The exprob’sion ‘ colloidal olcctrolytee ’ should in our opinion be used exclusively 
for tlioso electrolytic colloid systems wh( re there is a tliermodynamic equilibriuin between 
the polyuneis and inonomeis. The expression ‘ (jlectrolytie colloids ’ should 1)0 used in a 
more general sense so as to inelude, in addition to the above, colloidal systems wdiere 
there is no such equilibrium but which show pronounced electrolytic properties. 
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The distinguiBhing characteristic of an acid is its power to combine with 
bases or to donate a proton to an aecef)tor. Colloidal acids and their salts 
have the additional characteristic of base exchange — a property which is not 
confined to soils, clays and other silicate minerals (e.g. bentonites, zeolites) 
or artificially prepared silicates (e.g. pernnitite) but is also exhibited by such 
organic substances as the acidic complexes of gums, resins and proteins. 

Apart from base exchange these substances which differ so widely in their 
chemical composition and constitution show a number of points of resemblance. 
The acidic part as has been previously indicated is complex and has to be 
regarded as an anion of macro-dimensions. It carries a negative charge and 
shows the general characteristics of typical negatively charged colloids of which 
they constitute a special class distinguished by their stability and the large 
number of easily displaceable or reactive electrolytic ions associated per gramme 
of the material. The connecting link in the study of their common charac- 
teristics is consequently the fact that they are electrolytic colloitls of an acidic 
nature with an electrical double layer surrounding their particles. The exist- 
ence of such a double layer was postulated by Quincke and a picture of the 
electrical conditions inside the double layer was given by Helinlioltz. Gouy 
[1010] formulated the existence of an atmosphere of diffuse ions which was in 
a sense implied in Helmholtz’s mathematical treatment. The manner in 
wliich the electrical double layer is built up and the^. nature and distribution ot 
the carrici's of the electric charges which determine to a very large extent the 
behaviour of these systems have been set forth in detail by one of us [M ukher- 
jee, 1921 ; 1922]. The recognition of the part played by the electrical double 
layer and by the ions constituting it has, however, come about gradually (fur- 
ther discussed later on). 


TilEOKIES OF CASE EXOnAN(DO 

The history of the development of our knowledge of hydrogen clays is 
mostly assoedated with the study of base exchange. It will be shown later 
that the interaction between a hydrogen clay and an electrolyte mainly con- 
sists in an exchange of H ions associated witli tlie hydrogen clay for the cations 
of the electrolyte. Base exchange studies have thus an important bearing on 
studies of hydrogen clays. Earlier work on base exchange was, as the name 
of the topic suggests, concerned with the exchange of cations other tlian hydro- 
gen ions. Exchange of the latter has come to bo recognized more recently 
and systematic work is mainly associated with studies of hydrogen clays. 

Way [1850] appears to have considered base exchange as are action involv- 
ing double decomposition. Since Way, several attempts have been made to 
formulate this reaction on the basis of the law of mass action. Cans [1905] 
found that a pormutite having the composition Na/TAloO^.^fHoO rapidly 
gave up its alkali metal in exchange for an ecjuivalent quantity of anotlier on 
being washed with its salt. The exchange was considered by him to be govern 

ed by the mass action equation K ^ (m or) equili- 

brium constant ; w, the amount in grammes of the exchange complex ; /Lthe 
total amount in mols of exchangeable cations in the complex ; g, the total 
amount of the displacing ion in solution and x, the amount of it taken up by 
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base exchange. Rothmund and Kornfeld [1918] suggested the more general 
mass law equation = iT y.' whre Ci and Cg are the concentrations of the 
two ions in the solid phase and Cj and C 2 are the corresponding concentrations 
in the liquid, it being assumed that the added cation forms an isoinorphous 
mixture with the solid so that there is only one solid phase. The generalized 
equation is in harmony with the observation often made [Wiegner and Muller, 
1929] that the equilibrium is independent of the volume of the solution so 
long as the total amount of the displacing cation contained in it is constant. 
Ecpiations based on the mass action principle have also been set up among 
others by Anderegg and Lutz [1929], Kerr [1928] and V^anselow [1932] using 
various simplifying assumptions. Marshall and Gupta [1933] have critically 
examined these equations and have shown that the equilibrium constant cal- 
culated from them has different values. 

Further complications are met with when adsorption on the surface and 
reactions in colloidal systems have to be considered. Linder and Picton 
[1895] and Whitney and Ober [1901] observed that in the coagulation of 
colloidal solutions of arsenioiis sulphide by barium chloride, barium ions are 
carried down by the coagula. It has been sliown more recently by Rabinovicli 
[1925] and Weiser and Gray [1932] that hydrogen ions surrounding the colloidal 
particles are exchanged. Neither this exchange, nor its significance, was 
noticed for a long time. Van Bemmelen [1912] extensively studied adsorption 
of electrolytes by precipitates, e.g. of those of importance in chemical analysis. 
Lottermoser and Rothe [1908] in their well-kown studies on silver salts also 
noted such adsorption. Marc [1911 ; 1913] came to the conclusion that adsorp- 
tion of an ion by an insoluble polar solid, although weak, is of general 
occurrence when the ion can form an isomorphous and insoluble sul)stance 
with one of the constituent ions of. the solid [Fajans and Beckeratli, 1921 ; 
Mukherjee and Basu, 1927]. An exchange adsorption or displacement adsorp- 
tion gradually came to be recognized. Wiegner [1912] found that the exchange 

could in most cases be represented by Fmuidlieh’s equation-" KC , 

wliere ni is the amount of the adsorbent in gramme; tlie amount adsorbed ; C, 
the equilibrium concentration, and K and p are constants. Jenny's [1932] modi- 

fied equation — = K ^ takes account of the fact that the ex- 

change is often independent of dilution ; a, in this equation, represents the 
initial concentration of the added salt. None of these parabolic equations, 
however, can explain the observation that at high concentrations of the added 
salt the exchange reaches a maximum. To meet this difficulty, Vageler [1931] 

xs 

proposed the hyperbolic equation Y = wdiere Y is the amount taken 

up per gramme of the substance ; X, the number of equivalents of the cation 
added per gramme of the adsorbent ; 8, the maximum exchange capacity and 
(7, the number of equivalents of the added cation for which 50 per cent of 
is exchanged. The Vageler equation agrees better at high concentrations 
with experimental results than the Wiegner equation. All these equations, 
however, are rather empirical and the various constants involved in them have 
little physical significance. 

Jenny [1936] has recently suggested a simple base exchange model with 
the aid of which he has derived an equation based on statistical considerations. 
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He has considered a plane surface having a definite number of attraction sjiots 
per unit area. If the ions, atoms or molecules initially adsorbed on these spots 
are designated as b and the exchanging bodies as w then at equilibrium 
the number of w bodies adsorbed or released is given by the equation 

— ^ / where N is the amount ot electrolyte 

(number of ions) initially added ; 8, the saturation capacity ; and V\v and 

the volumes of the oscillating spaces of the w and h bodies. The latter 
volumes are characteristic of the exchanging and exchanged bodies ; and 
exchange adsorption takes place whenever the w/s slip in between the surface 
and the space occupied by the //s which execute to and fro motions between 
the surface and a mean position in the bulk of the liquid. An almost perfect 
agreement between theory and experiment was observed by Jenny in certain 
cases while in others, systematic deviations occurred. Jenny sought to explain 
these latter on the basis of the structural peculiarities of the colloidal particles 
(discussed below) and the nature of the exchanging ions. Difficulties were 
encountered when hydrogen ions were involved and when the two ions parti- 
cipating in the exchange had widely different properties. 

Further complications have l)een observed by later workers. For ins- 
tance, Renold [1930] found a marked difference in tlie base exchange property 
of a permutite having the same composition and ])roportion of two exchange- 
able cations but prepared in different ways. Thus a mixed or ' hetero-iocic ’ 
permutite of given composition, e.g. one saturated with a fixed proportion of 
K and Ba ions can be obtained starting from either of two homo-ionic 
permutites saturated only with K or Ba ions. Benold [1936] observed 
that if the mixed permutite was obtained from the K-permutice its exchange- 
able K was more difficult to displace by a third cation than if it was prepared 
from a Ba-permutite. 

The recognition of the part played by the electrical double layer in base 
exchange reactions, especially of soils and clays, originates from the work of 
Mukherjee [1922], Hissink [1924-25] and notWjly Wiegner [1925]. Accord- 
ing to Wiegner, colloidal clay is made up of micelles consisting of an inner 
kernel which is an ultramicron, an inner layer of anions fixed on the surface and 
an outer swarm of cations. These cations can be displaced by others and 
the ease of displacement depends on the valency and radius (together with the 
hydration envelope) of the disi)lacing cation and on the nature and the intensity 
of the force of attraction between the inner layer of anions and the cations 
already existing in the double layer. The replacing powers of different cations 
are given by their so-called ‘ symmetry values ’ which represent the ‘ ionic 
exchange in percentage when the number of ions added to the system is made 
equal to the total number of exchangeable ions in the colloidal complex \ 
Wiegner \s fundamental ideas have since been extended by Jenny [1932], 
Marshall and Gupta [1933], Pallmann [1938] and others. The picture, however, 
is not yet complete in all its details. According to the views on the origin of 
the double layer formulated by one of us [Mukherjee, 1922] the base exchange 
clays have a layer of electrolytic ions, mainly anions,* built up on the 
surface of their particle by lattice forces which constitute a primary 

’•'If the clay is amphoteric the primariJy adisorbed layer will consist of both cations 
and anions. 
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layer of adsorbed ions ; an equivalent amount of oppositely charged ions 
(here, cations) remains associated with each particle partly as a fixed secondary 
layer and partly as ‘ mobile ’ osmotically active ions*. In the interaction with 
an electrolyte, the cations, fixed and mobile, already present in the double 
layer are liable to be exchanged for those of the electrolyte. The displacing 
power of different cations would depend on their valency and mobility, if their 
adsorption was the result of simple electrostatic forces alone [Mukherjee, 1922.] 

Some aspects of the acid character of soil 

A quantitative formulation of the acid character of soil which, as stated 
before, is the main connecting theme in the electrochemistry of soil has long 
been lacking. The nature of the interaction between soil and neutral salts by 
which acid is liberated has been a svdqect of controversies. The main weak- 
ness of the purely chemical explanation according to which the reaction is a 
simple double decomposition process [Way, 1850; Truog, 1916; Page, 1926] 
lies in the assumption that the soil acid has to be considered to be unusually 
strong as, otherwise, it would not decompose a neutral salt combining with the 
base and liberating the strongest known acids, e.g. hydrochloric acid. Such 
an acid is evidently unknown and it is difficult to conceive of such reactions. 
On the other hand, the principal drawback of the purely physical explanation 
[Hopkins, 1903 ; Cameron, 1910; Parker, 1913] is that it links up the free 
energy of the process with an ill-defined surface energy term. 

The theory of the double layer, on the other hand provides a more rational 
and simple explanation. According to the picture suggested by One of us 
[Mukherjee, 1922], ‘ an extract w ith a neutral salt can be acid w hen the cations 
displaced from the second sheet of the double layer contain hydrogen ions. ’ 
Hissink [1924] also considered that hydrogen ions occur together w ith Na+, 
K+, Ca+ ' and Mg++ ions in the outside sheet of the double layer. These 
H+ ions are also exchangeable. When w'e treat a soil with a solution of KCl 
the filtrate contains H+ ions. The following reaction takes place ; — 

j;Soil I H KCl — j^oil j K + H. ^ -f Cl -. 

Though the role of the double layer is now fairly generally realized, the 
above simple picture cannot explain several features. Thus, neutral salt 
extracts of acid soils almost always contain almniniura ions [Daikidiara, 1914]. 
Opinion differs as to whether A1 ions are present in the outer sheets of 
the double layers and are directly exchanged for the cations of the salt, or, 
whether they are liberated by a process of secondary dissolution of a part of 
the alumino-silicato base exchange complex or the free alumina contained 
in it by the acid set free consequent on the exchange of the H ions of the 
double layer for the cations of the salt. Another observation w^hich is not 
easy to understand is that an acid soil does not show a neutral reaction even on 
continued leaching with a solution of a neutral salt [Hissink, 1924-26]. 
Indeed, such difficulties led Hissink [1935] to remark that no existing theory 

♦A distinction between fixed and mobile ions in tho outer sheet of the double layer 
fias not Ijeen made by Wiegnor. This distinction is ju.stified by results of investigations 
on hydrogen clays discussed later. 
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can adequately explain the nature of the interaction between an acid Boil and 
a neutral salt. 

The nature of the acid-base interaction in soil cannot also be said to have 
been fully understood. There is much confusion regarding the part that the 
cation of the base plays in this interaction. Titration curves with different 
bases can rarely be superimposed and different amounts of these bases are 
required to attain a certain pH [Hissink and van der Spek, 1925 ; Oakley, 
1927]. Ad hoc assumptions regarding the differences in the solubility of the 
‘ salts ’ which the soil acid forms with different bases have been made [Truog 
1916 ; Joseph, 1924 ; Oakley, 1927] to explain this non -equivalence, it being 
even necessary to postulate a wholesale existence of insoluble salts of alkali 
metals. Another observation for which an adequate explanation has not 
been forthcoming is that more base is necessary to attain a certain pH when 
the soil is titrated in the presence of a neutral salt than when titrated with the 
base alone [Oowther and Martin, 1925 ; Hardy and Lewis, 1929 ; Clark and 
Collins, 1930]. The soil buffer action is in fact an extremely complicated ex- 
pression of several types of reactions in which anions (molecularly dispersed 
anions, e.g. HCO'g and HPO "4 and macro-anions such as those of humus 
and the so-called zeolitic complex ions) and cations (e.g. Al'** + ^and Fe+ ^ + 
ions) of a number of weak acids and bases take part. A buffer action although 
comparatively much weaker may be shown by the free inorganic oxides 
contained in the soil. Further, the possibility of a total absorption of the 
base as suggested by Oakley [1927] and Mattson [1931] cannot be altogether 
ignored. A quantitative formulation of the soil buffer action comprehending 
at least the chief factors has not been forthcoming. 'The gaps in our basic 
knowledge of the subject have been responsible for the element of arbitrariness 
in the various routine methods in vogue for estimating the so-called lime requi- 
rement and the base exchange or base-binding capacity of soil. These methods 
seldom give concordant results (further discussed later). Unlike the estima- 
tion of acids in true solution, or colloidal systems in which the different phases 
and components taking part in the interaction can be clearly defined [Mukher- 
jee, 1922 ; 1929], the amounts of acids estimated by these methods are usually 
ill-defined and there is often no clear idea as to what is being estimated by a 
particular method. 

Thk scope and object of this work 

Considerable light has been thrown in recent years on problems of soil 
acidity by investigations (discussed more fully later) on hydrogen clays and 
systems resembling them carried out, among others, by Wiegner and associates 
at Zurich, Anderson, Brown and Baver in America, Mattson at Upsala, Marshall 
in England, Hissink and coworkers and Edelman and associates in Holland. 
Definite and adequate information, however, is still lacking on several funda- 
mental points (mentioned below). Our work aims to secure this information. 
Specially oriented technical procedures, described in the previous parts of this 
series (see, in particular, part TV [Mukherjee et al., 1936] ; part V [Mitra 
1936] ; and part VII [Mitra, 1940], have been used which have yielded 
more accurate results than are usually aimed at in soil investigationvs. 
Also, the problems have been approached from a point of view which 
differs from previous investigations of a similar nature. Instead of studying 
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only the properties of hydrogen clays, simpler but similar systems which are 
amenable to straightforward Iheoretical treatment have been examined. 
They were expected, on theoretical grounds, to be more suitable for the study 
of the processes underlying the interaction of hydrogen clay with electrolytes. 
The main objective of the work on hydrogen clay has been the elucidation of 
the following topics ; 

(1) The electrochemical character of hydrogen clay ; 

(2) the manner in which this electrochemical character varies : (a) with 
the nature of the soil from which the hydrogen clay has been isolated, (h) 
with the particle size of the hydrogen clay, and (c) on the removal of the free 
silica and sesquioxides contained in the hydrogen clay" ; 

(3) the base exchange capacity of hydrogen clay and the factors on 
which it depends ; and 

(4) the weathering process. 

The work on hydrogen clays is being now extended lo sub-fractions of 
hydrogen clays, clay minerals of standard purity and the so-called clay salts* 
and these latter investigations will be dealt with in separate series of papers. 

Modern electrochemistry gives in terms of the concepts of activity coeffi- 
cient and ionic strength a satisfactory representation of the interaction 
between an acid and a base barring complications arising out of other types of 
chemical reactions which have of course to be taken into account. In order, 
therefore, to understand the nature of hydrogen clay, it was considered neces- 
sary, firstly to ascertain how far its behaviour can be brought within the compass 
of our current concepts of electrochemistry ; secondly, to ascertain features, if 
any, which show that they have properties which cannot be comprehended by 
these concepts ; and thirdly, to formulate a picture which would enable us to 
understand these special characteristics and reconcile them with the usual 
concepts. 

The properties of so complex and variable a system as the hydrogen clay 
can be properly understood only by systematic studies of hydrogen clays 
obtained from a sufficiently large number of different types of soils. Those 
used for this work were obtained from different parts of the country (details 
given in Table I) and had widely different mechanical and chemical composi- 
tions and base exchange properties. The results summarized in this paper 
show that in spite of these variations, the hydrogen clays and sub-fractions 
of hydrogen clay obtained from them reveal a number of important common 
features though individual differences are not lacking. The present paper is 
mainly concerned with the common features. Individual ^fferences have 
also been indicated ; they have been more fully discussed in part VIII 
[Mukherjee, Mitra et cU., 1942]. 

Expeeimbntal 

Details regarding the method of preparation of the hydrogen clays, experi- 
mental arrangements and procedure have been given in parts IV, V and VII. 
The following soils and bentonites** were used. 

• i. 0 . clays with exchangeable rations other than H+ ions 

♦♦Bentonites usually have chemical composition and base exchange properties 
similar to those of soil. The samples of bentonite used for this work were kindly 
supplied by the Assam Oil Company 
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Table I 


Particulars of soils, bentonites, hydrogen days and hydrogen bentonites used 




Silica : 
sesquioxide 

Ref. No. of corres- 

Lab. 

Description of soil or bentonite 

ratio (molar) 

ponding hydrogen 

No. 


of entire 

clay or hydrogen 



clay 

fraction 

bentonite 

13 

BrownisJi y(4Iuw soil (unmaiiiired) from Gov- 
ernment Farm, Suri (Bengal) (collected at 
a depth of 6-12 in. from Agricultural j 
Chemist’s experimental plot, block A 1-16, 

2 ‘34 

E 


plot Nos. 3, 5, 16 



14 

High land acid soil from Govemment Fai rn, 

1 -94 

F 


Biirdwan (Bengal), collected at a depth of 
0-6 in. from block B, plot No. 40 of 
the Farm 



20 

Neutral calcareous soil (brown loam) from 

2*10 

H 


Govemment S(a’fl Farm, Kalyanjiori' (U.P.), 
collected at a deptii of 0-6 in. 



25 

Black cotton soil (neutral, calcareous) from 

2 -50 

I 


iSatara (Bombay), collected at a depth of 
0-C) in. 



32 

N(‘iitral black soil from Bilaspur, near Rai])iir 

2 -54 

K 


(C. P.), colh'cted at a depth of 0-6 in. 



22 

.Red latcrite soil (acidic) from Governnienl 

1 ‘99 

L 


Farm at Dac(;a (Bengal) (aillecB'd at a depth 
of 0-0 in. 



34 

■ Black soil from Government Farm, Akola 

2 19 

M 


(Berar), collected from a dejith of 0-9 
in. 

i 


33 

Bhata red laterite soil from Raipur (C. P.), 

1 ‘88 

i ^ 


colli ‘cted at a depth of 0-6 in. 



40 

Non-laleritic black calcaTeous soil (ILtyjK') 

2 -51 

Padogaon-B 


from Ch)V('rtrm(mt Farm at Padegaon (Nira, 

1 Poona), coliet;t<'d at a depth of 0-12 in. 


i 

1 

51 

Acid soil from Government Farm at dorbat 

2 ‘58 

1 

Jorliat-F 


(Assam), collected at a d('})th of 0-6-in. 



63 

High land acid soil on old alluvium 

2-47 

1 Latekujan-li’ 


from Government Farm at Latoknjan 
(Assam), collected at a tlcpth of 0-6 in. 


j 

B. 0. 

Bentonite from Hati-Ki-Dhani . 

2*86 

Hati-Ki-Dhani-B 

C.l 
B. 0. 

Bentonite from Bhadres .... 

2-90 

Bhadres -B 

C, 3 
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Results 

Colloidal solutions of hydrogen day as heterogeneous acid systems. 

The interpretation of the electrochemical properties, especially the titra- 
tion curve»s, of an fKjid system would largely depend on whether the system is a 
single, or polyphase system. Colloidal solutions of hydrogen clays have often 
been regarded as homogeneous acid systems, Bradfield [1923 ; 1927] and Baver 
[1930] have attributed to them a weak monobasic acid character from a study 
of their titration curves. The vso-called ‘ suspension effect ’ of Wiegner and 
Pallmann [1929] according to which a suspension of an insoluble acidic sub- 
stance, e.g. a hydrogen clay, has a much higher H ion acti\dty than the pure 
dispersion medium indicates, on the other hand, a polyphase character of such 
an acid system. Doubts have recently been expressed regarding the validity 
of the suspension effect [Rahinowitsch and Ktu’gin, 1935]. Experiments carried 
out during the past few years in this laboratory with carefully purified colloidal 
solutions of hydrogen clays fully bear out this effect. 

Some results are given in Table II. 

Table II 


Free and total acids of hydrogen day sols and their ultrafiltrates 


8ol 

1 

pH I 

! 

1 

Fr(H) acid 
H-ion cone. X 

low 

Total acid* 
X low 

K 

4 djH 

2 • 1 9 

24 3 

Ultrafiltrate ..... 

6 10 

0 -08 

Nil 

F 1 

4-41 

3 -89 

38 0 

Ultrafiltrate . . . . . ; 

5 *90 

j 

0 13 

1 

Nil 

G 1 

4 *57 

2-69 

40 -0 

Ultrafiltrate . . .. , . 1 

5 -85 

0-14 1 

** 

1 

H 1 

4 *52 

3 -02 

1 

99 -0 

Ultrafiltrate ..... 

6 -05 

0 -09 

1 







’•'The total acidities have been calculated fi’orn the inflexion pc)inU in the }>otentiO“ 
metric titration curvois of tlio hoIs with baryta. It will 1)0 ahown later that tliis value 
docfi not denote the concentration of the total noutra-iizable acid as the added base 
continues to react beyond the inflexion point. 

♦*Not determined 

The ultrafiltrates of the sols are practically free from any acid, while the 
sols have a fairly low pH. The existence of mobile hydrogen ions giving 
rise to pH’s of the order of 4*5 is, therefore, beyond doubt. 

The special features of some simple polyphase acid systems : Difficulties of their 
interpretation in the light of the classical concepts 
Reference has already been made to the extremely complex nature of 
hydrogen clay as a chemical entity and as an acid system. For a proper under- 
standing of its properties investigations on simple polyphase systems, e.g. 
colloidal silica, alumina, and palmitic and stearic acids have been carried out 
and the results discussed in parts I, II, III and IV [Mukherjee ei aL^ 1931 ; 1932; 
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1934; 1936] and in otbei publi(3ations [Mnkherjee, Mitra and Mukherjee, 1937 ; 
Mukherjee, 1937 ; Dutta 1939; Chalteijee 1939]. These investigations 
have served a twofold purpose. They liave brought to light a number of 
characteristic features of heterogeneous acid systems which are foreign to the 
concepts of classical electrochemistry; secondly, they have served as a guide to 
the investigations on hydrogen clay. A connected account of a part of the 
work on the simple systems has been given by Mukherjee, Mitra and Mukherjee 
[1937]. The following is a summaiy of the more important observations which 
have a direct bearing on the work on hydrogen clay discussed in this paper. 

A simple heterogeneous acid system where the part y>layed by the sohd 
phase can be readily understood is illustrated by the mixture of a solid acid and 
its saturated solution. Fig. 1 reproduced from part I gives the titration curves 
of saturated solutions of cinnamic acid in presence (curves 2 and 3) and absence 
(curve 1) of the solid acid. 



Concentration of NaOH added ( lO^N) 

Fig 1. Titration curves of saturatocl Mohiti()iKS of {•inriamic r(* 1(1 in tlu' presence 
and absence of excess solid acid 
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The amount of the acid reacting with the base (NaOH) increases so long 
as solid cinnamic acid is present. The resulting salt, sodium cinnamate, 
remains in solution. The equilibrium pH on the addition of a definite amount 
of the base can be calculated from the vol ume of the aqueous phase and the 
solubility and dissociation constant of cinnamic acid. The actual pH during 
the course of the titration, i.e. the form of the titration curve, is, however, 
determined not merely by these eqiiilibrium^values but by the kinetics of the 
interaction between the solid acid and the base. The net effect of the presence 
of the solid phase is a prolongation of the initial portion of the titration curve 
(Fig. 1, curves 2 and 3) where the pH does not change so rapidly as it does in 
the case of the saturated solution containing no solid acid (Fig. 1, curve 1). 
The initial portion of the curve thus resembles that of a stronger acid. As 
opposed to a strong acid in true solution, however, the influence of increasing 
concentrations of the salt in suppressing the dissociation of the ac*id mani- 
fests itself in the region of higher pH values. When the solid phase disappears 
the titration curve resembles, subject to the influence of the higliei anion con- 
centration, that of the saturated solution. If, however, one attempts to 
calculate the dissociation constant from different points of curves 2 and 3 
using the well-known Henderson equation, constant values are not obtained. 
This arises from the fact that the fundamental assumption underlying the 
derivation of the equation that the whole amount of tlie reacting acid exists in 
true solution is not satisfied when the solid phase is present. The varial)ility 
of the total acid under this latter condition leads to values of tlie dissocia- 
tion constant thus calculated which are fictitious and denote quantities which 
have not the usual significance. 

If a colloidal solution of a hydrogen clay were an acid system which 

gave two insoluble solid phases a solid acid and a solid salt, its behaviour 

as deduced from classical considerations would be represente(l by the titra- 
tion curves of palmitic and stearic acid sols [Mukherjee, 1937 ; Iyer, 1932 ; 
Datta, 1939], The titration cuiwe of a stearic acid sol with baryta is repro- 
duced from Datta’s paper (Fig. 2). 

The curve shows an initial rise, then a middle liorizontal portion at a 
oractically constant pH between G»2 and 6*3 followed by a sharp inflexion. 
These features can be explained by the phase rule. Barium stearate is in- 
soluble in water. On the addition of barium hydroxide the pH rises till the 
solubility product of barium stearate is reached. So long as the insoluble 
salt separates out as a second solid phase, the system which has three com- 
ponents (barium hydroxide, stearic acid and water) and exists in four phases 
(the solid acid, the solid salt, the liquid and the vapour) is univariant. At 
constant temperature, therefore, the liquid phase should have a constant 
composition. The horizontal portion of the curve confirms this exj)ectation. 
When the solid acid phase has disappeared the system becomes bivariant and 
consequently the pH shoots up on further addition of the base. During the 
titration with baryta, the barium stearate molecules continually split off 
from the surface and form a crystal lattice of their own. Inner layers are, 
therefore, continually exposed to the action of the alkali and xiltimately the 
whole of the acid takes part in the reaction. The total acid at the inflexion 
point has been foubd to agree with the amount of acid in the sol estimated 
on extraction with ether. 
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ConcentrZktIon of baryta. * ^ 

Fig. 2. Titration curve of a stearic acid sol with baryta 

The abovQ simple heterogeneous acids have the advantage that the nature 
of the surface reactions can be visualized and the amount of the acid solid 
phase entering into the reaction can be calculated when equilibrium has been 
established. In most colloidal solutions of acidic substances, however, we have 
no a priori knowledge of the quantities necessary for the calculation, namely 
the solubility, the anion concentration and the dissociation constants. In the 
case of an acid in tlie dissolved condition, the cations and anions into which it 
dissociates are both present in a state of true solution. But with a colloidal 
solution of an acid, e.g. silicic acid sols, the position is very much different. 
Silicic acid when freshly formed appears to be present in a state of true solution 
but rapidly polymerizes, giving lise to colloidal silicic acid. In parts II, III 
and IV (also Chatterjee [1^39]) it has been shown that the sols give rise to 
hydrogen ion activities of the order of The free anrl total acids of the 

ultrafiltrates constitute a small fraction (about 10 per cent or even less) of those 
of the corresponding sols. Colloidal solutions of silicic acid, therefore, possess 
an intrinsic acid character, which is independent of the presence of foreign 
substances. The potentiometric titration curves of the sols with bases show 
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The location of the inflexion point in the acid rej^ion is very significant 
and in true solutions of acids would irnnly that the titrated solution contains 
either a mixture of several acids of different dissociation constants and/or a 
polybasic acid. The negligible free and total acids of the ultrafiltrates indicate 
the absence of any dissolved acid. Further, though not so significant, the 
titration curves do not show a second inflexion point till a pH of about 1 1 • 0 
Is reached. The inflexion point in the acid region is definitely characteristic 
of the colloidal solution of the acid. It signifies that there is a constant amount 
of hydrogen ions surrounding the colloidal particle at a definite level of affinity. 
A portion of these is free and is responsible for the observed e.m.f. of a 
hydrogen electrode and the remaining portion is ‘ bound \ 

Different dilute bases give almost the same total acid when calculated from 
the first inflexion point in the corresponding curves. The amount of hydrogen 
ions neutralized at the inflexion point is thus a fixed quantity. The slopes of 
the titration curves show that the intensities with which different bases react 
with the sol are in the order* Ca(OH )2 >Ba(OH )2 >NaOH. The greater 
capacity of Ca( 0 H )2 compared with Ba(OH )2 to react with the sol confirms 
the greater insolubility of calcium silicate compared with barium silicate 
observed by Joseph and Oakley [1925]. The degree of dissociation, if consi- 
dered to be given by the ratio of the free acidity to the total acidity at the 
first inflexion point, has values between 0*5 and 1 *0. 

The amounts of acid liberated by salts (added as chlorides) as shown by 
the diminution in the pH are in the order Ba>Ca >Na.** On repeated 
leaching of silicic acid sols with a given concentration of a salt the amount 
of acid in the leachate gradually diminishes. Tlie total amounts of acid 
obtained in the leachates are greater for BaClg than for CaCU at tlie same con- 
centration of both. Moreover, both salts liberate much more acid than is 
obtained at the first inflexion point in the titration w ith the bases alone. It 
thus appears that ‘ bound ’ hyd»ogen ions are present in addition to those 
which react with the base at the first inflexion point. Tljese hydrogen ions 
are, therefore, held at the surface at a higher energy level, lint the total 
(piantity of the corresponding so-called salt that is formed by continued leach- 
ing is a small fraction of the number of moles of SiOo present. Tlie reaction 
with the salt does not lead to the formation of a second solid phase and is 
limited to the surface. The maximum amount of acid which thus reacts 
with iV-BaCla has been found to constitute about 0*13 per cent of the total 
silicon dioxide. 

The greater relati ve effect of Ba than Ga in the interaction with the salts 
and in the acid region is definitely against the explanation that the development 
of acidity is due to the formation of insoluble silicates. It has alre^wiy been 
mentioned that calcium silicate is more insoluble than barium silicate and 
coiisequently the order should be Ca>Ba, i.e. the reverse order of what 
has been observed. Ad hoc assumptions regarding changes of the relative 
order of solubilities of the barium and calcium salts in the acid region conse- 
quent on the formation of another type of salt or the existence of a different 
type of acid are therefore necessary from the usual chemical point of view to 

* This order represents what has been called the irrf‘gular cation ( U'ect 

** This order represents what has been called the regular cation effect as it agrees 
with the lyotrope series 
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explain these observations. The cation effects observed with silicic acid sols 
become more pronounced wth hydrogen clays and soils. (Further discussed 
later). 

Titration curves of silicic acid sols have been found to show a second 
inflexion point at a higher pH value between pH's 11*0 and 11’8, dei)ending 
on the concentration of the sol. The total acid calculated from this inflexion 
point shows a fair agreement with the silica content (gm. mols. per litre) of 
the sol. The composition of the resulting salt at the inflexion point is 
NagO. 2SiOji. The buffer-capacity curves show only one maximum, near about 
the point of half neutralization and it is justifiable to conclude that the salt 
formed is NaHSiO.,. But the maximum value of the buffer capacity is consi- 
derably greater than that observed in the case of a dissolved acid having the 
same dissociation constant a;nd total acidity. The greater buffer capacity 
arises from a continuous solution of the colloidal particles which act as a reser- 
voir from which fresh quantities of the acid are supplied. Colloidal silica 
behaves in its interaction at a high pH as a dibasic acid, its first dissociation 
constant is about 5*2x 10-^® and its solubility of the order of 0*045 gm. of 
SiOg per litre at 30°C. Colloidal silicic acid thus constitutes a heterogeneous 
phase, of which a part, the charged colloidal particle, is definitely not in a 
state of true solution. The interaction is limited to the interface unless the 
/^H is high enough to dissolve the particles and to hold the result! ng silicate 
ions in true solution. The reaction is then no longer restricted to the inter- 
face and conforms to the usual type of chemical reaction betw een an insoluble 
acid and a base. 

The electrochemical properties of hydrogen clay sols 

Far greater complexities have been observe<l with hydrogen clays. They 
are discussed below. It will be shown that the theory of the double layer as 
postulated by one of us [Mukherjee, 1921 ; 1922] provides a satisfactory explana- 
tion of their special features. The following simplified picture* of the (louble 
layer may be postulated for hydrogen clays. There is a primarily adsorbed 
layer of anions, presumably OH and 0 ions as indicated bj^ X-ray [Kelley and 
Jenny, 1936] and other [Bar, 1935] investigations, built into the surface. An 
equivalent amount of hydrogen ions and, as will be shown later, aluminium 
ions, is held near the surface. A part of these H ions may be fixed by electro- 
static forces or bound on the surface by chemical valence or Van der Waals 
type of forces. The remainder are osmotically active. They constitute 
the mobile sheet of the doul)le layer and carry an electric charge equal and 
opposite to that of the free anions on the surface. The ‘ bound ’ ions are 
present in an osmotically inactive condition. The mobile hydrogen ions give 
rise to the observed H-ion activity of the sol. On the addition of an electro- 
lyte, an interchange takes place in the first instance bet ween the cations of the 
electrolyte and the mobile H ions of the double layer. These cations can also 
displace the bound H ions and are themselves adsorbed bj’^ simple electrostatic 
forces and/or by specific forces (chemical valence, or "^^an der Waals forces). 
What has been distinguished as electrical adsorption of ions carrying a 

♦ It takes no account of the amphoteric character of hydrogen clay stressed by some 
workers [Mattson, 1932 ; 1937]. 
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charge of the opposite sign to that of the primarily adsorbed ions is deter* 
mined by electrostatic forces as given by their valency and diameter in the 
state of hydration in which they occur on the surface, each of them forming an 
* ion pair ’ with a primarily adsorbed ion on the surface. The state of hydra- 
tion (or of dehydration) of the ion is of importance in relation to the energy of 
the ion pair. In electrical adsorption the ion pair contains the oppositely 
charged ion (here, the cation) in the same state of hydration as in the solution. 
The lyotrope series of cations, Th>Al>Ba>Sr>Ca>Mg>Rb>K>Na>Li, 
follows from these considerations. When adsorption is brought about by 
chemical or other specific forces, the energy of the resulting ion pair depends 
on its chemical properties and the latter consecjuently determine the intensity 
of adsorption. Probably in the latter case the cation is adsorbed in a dehy- 
drated condition. The various types of exchange observed by us between the 
H ions of the double layer and cations of added electrolytes and their effects 
on the free and total acids of the sols and the form of their titration curves are 
discussed below. 

Interchanges between H ions and cations of added salts 

If only the mobile H ions are exchanged for the cations of the salt, no 
marked alteration in the If -ion activity of the sol will take place. That of the 
ultrafiltrate of the sol, on the other hand, will show a considerable increase 
proving that H ions have been disi)laced from the double layer into the inter- 
micellary liquid. The following results illustrate this point. 

Table III 

pH of hydrogen clay sols and their ultrafdtrates in the presence and absence of 

salts of alkali metal cations 


System 

pH 

Sol H 

4-52 

Ultrafiltrate' of sol H 

6 *05 

Sol lUi 0 -OOO.^A^ KCl 

4 *20 

UltraliltratA’ of al)ov<‘ 

4 -42 

Sol H -f 0 -UOSA' KC\ 

4 *10 

Ultrafiltrate of above 

4*15 

Sol Padegaon-B 

4-54 

U 1 trafiltrato o f sol Pad('ga on - 1 1 . 

5*85 

Sol Padegaoii-B-f 0 -OdOnA' NaCl 

3*85 

Ultrafiltrate of above 

4*36 


In the above experiments, the weak electrical adsorption of the K 
and Na ions and the low concentration of the salts are responsible for the 
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exchange being restricted to the mobile H ions alone. The variation in the 
H»ion activity of the sols is consequently negligible.* Much larger variations 
indicating a displacement of the bound H ions are observed on adding larger 
concentrations of salts, specially salts of alkaline earth metals as the following 
results will show. 

Table IV 

Decrease of pH of hydrogen clay sols on the addition of different salts 


Sol 

Original pH 

Salt added 

i 

Cone, of salt 

Decrease of 
pH 

i 

E . 

4-66 

NaCl 

0-l(W 

1 05 



CaClg 


1 14 



BaClj 

>> 

1 -61 

H . 

4-62 

NftCl 

o-80iy 

1 -06 



CaCla 


1 19 



BaClj 

- 

1 '29 

I ... - 

4-61 

CaCla 

0 \ 

1 *08 



BaCl, 

\ : 

1 -20 


The marked lowering of the pH of the sol on the addition of the salts indi- 
cates a displacement of mobile as well as bound H ions. Under similar experi- 
mental conditions practically no change in pH Ls observed with a solution of 
HCl having nearly the same pH as the sols. The I'elati ve effects of the different 
cations to liberate acid follow the order Ba>Oa>Na which is in agreement 
with the lyotrope series and the order of electrical adsorption of cations. In 
the interaction of hydrogen clay with neutral salts, therefore, the cation effect 
is determined by electrostatic forces alone. It is a regular cation effect. 

Similar io what has been observed with silicic acid sols, the reaction 
between the hydrogen clay and the neutral salts does not proceed to completion. 
The quantity of the so-called ‘ clay salt ’ formed as given by the amount of the 
cation fixed by the Ijydrogen clay is less than the total quantity of acid associa- 
ted with the hydrogen clay as obtained on titrating it with a base, especially 
an alkaline earth hydroxide, in the presence of a salt. 

The sol and salt mixture contains : (i) free H ions displaced into the inter- 
micellary liquid from the double layer, and (ii) H ions, free and bound, asso- 
ciated with the floes contained in the mixturef. When the mixture is titrated, 
the free H ions are first neutralized and then as the pH rises more and more 
H ions are displaced from the floes in presence of the salt to maintain equili- 
brium and neutralized. The large number of cations present in the system 
materially heljis this process and the cation effect is emphatically shown up bv 
the fact that compared to the sol itself, the sol and salt mixture has a much 
larger total acid or base exchange capacity (b. e. c.) measured at the inflexion 

* The Blight lowering of the pH of the sol arises from a displacement of some bound 
H ions from the double layer 

t The part jdaytid by aluminium ions in determining t|ie free and total acids of hydro- 
gen clay and salt mixtures will be disci^ssed later 
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point of the titration curve or at a fixed pJi, e.g. 7 * 0. The higher the con- 
centration of the salt in the mixture, the greater is the b. e. c. In the presence 
of a fixed concentration of different salts the b. e. c. decreases in the order Ba>> 
Ca>Na in agreement with the regular cation effect. The results given in 
Tables V and VI illustrate these points. The cation effect is really responsible 
for the observation often made that more base is required to attain a certain 
pH when the titration is carried out in the presence of a salt than in its absence. 

The H ions which are brought into a neutralizable condition on the 
addition of the salt to the hydrogen clay sol are not all displH»ced into the inter- 
micellary liquid. This is shown by the results given in Tables VI and VII. 
A smaller b. e. c. is obtained on titrating the clear supernatant liquid above the 
coagulum of the sol and salt mixture and the extract obtained on repeatedly 
leaching the sol with the solution of the salt than on titrating the mixture 
itself. 


Table V 


Base exchange capacity in m. c. base per 100 gm. of oven-dried {lOfTG.) hydrogen 
clay using NaOH, Ba (OH),, and Ca{OH)r. 



NaOH 

Ba{OH ) 

2 

Ca(OH)2 

vSystt'in 

At/ infl("xion i At pH 

At inflexion 

At 

At irifl('xiun 

1 

At 


|)()int 1 7 *0 

point 

pB 

point 

1 />H 


i 


7 -0 


! 7 -0 

Sol E . 

2 -2(5 -4)* 1 15 -4 

i 

20 -6(6 -0) 

25 -0 

21 -5(5-8) 

! 

26 -2 

Sol K + 0 -IN NaCl 

IP. -[(S-O) 1 20-4 





-1 (1 lAT BaClj . 

1 

28-0(4 -6) 

>42 -2 



-t-o -liV CaClj . 

1 


* 

21 -2(4-4) 

40 -P. 

Sol h . 

lC-3(8-21) i 0*30 

17 *5(7 -10) ' 

17 -0 

19 -0(6*6) 

19-5 

Sol h+l ON NtiCI . 

22 *3(7 -0) , 22 -3 


i 



,, + 1 -ON Bal'lj . 

! 

32-0 (5-4) 

40 -5 



„ +1 -ON Cat:] 2 . 

: j 



30-0(6-1) 

32 -5 

Sol N . 

18 -8(7 -5) 1 11 -3 

19-0(7-0) 

19 -0 

20 -5(6 -4) 

21 -8 

„ + 1 -ON NaCl . 

21 •25(6-0) ‘ 22 -5 

1 




„ + 1 -ON BaClj . 

, 1 

1 

j 

28-5(5-5) 

35 -O] 



„ + 1 -ON CaClj . 

j : 

1 . . ■ 

I ! 

1 

i 


23-0(5-4) 

1 

26 -5 

1 


* The figures within brackets denote 


the pH at the inflexion point 
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Table VI 

Base-exchange capacities coUmlated from the titration curves^ of the sd, the 
sd -^sait mixture and the clear supernatant liquid above the mixture, and the 
amounts of the cation of the salt ais^bed by Oie 
hydrogen clay before neutralizcUion with the base 


Cone, of BaClj added 

B. e. c. at pH 7 *0 in m. e. Ba(OH )2 
per 100 gm. colloid obtained on 
titrating 

M.e. Ba 
adsorbed 
per 100 gm. 
colloid 

SoIH 

Sol H + 
BaCl^ 

(in situ) 

Supernatant 
liquid of 

Kol H“b 
BaClg 

0 

32 -0 




o-oijy .... 


33 0 

11 -4 

n *1 

()-02isr , . . . ' 


35 -0 

11 -9 

12 -7 

0 •()4iV .... 

' ’ 

37 -5 

14-4 

15-2 

0 miS! .... 


43 *5 

17 0 

18 -5 

ION 

1 

48 •() 

22 -0 

24 *2 


Table VIT 


Base-exchange capacities obtained on titrating the sol salt mixture, and 



successive portions of the salt extract 

B. 0 . c. at pH 



7 *0 in m. e. 


System titrated 

Ba (OH ) 2 per 
100 gm. colloid 

ol H+ 0 -SSiV BaClj 


48*0 

let 100 c.c. of leachate 


27 *0 

2nd „ „ „ 

• • • • . • a • 

3 *0 

3rd ,, ,, ,, 


i 1 *2 


The last column of Table VI shows the amount of the cation (Ba) adsorbed 
by the hydrogen clay from the solution. This amount is, as is to be expected, 
in fair agreement with the b. e. c. calculated from the titratable acid in the 
supernatant liquid of the sol and salt mixture given in the fourth column of 
Table VI. 

The above results show that routine methods in which neutral salt extracts 
of acid soils are titrated for estimating their exchangeable hydrogen and lime 
requirement give only a fraction of their total neutralizable acid or b. e. c. 
owing to an incomplete displacement of the H ions of the double layer by the 
cations of the salt. The back reaction set up by the H ions which have been 
already displaced in the intermicellary liquid is responsible for this incomplete 
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exchange. When, however, the sol and salt mixture is titrated in situ, these 
latter H ions are continuously removed from the sphere of action and the 
neutralization is further helped by the large number of cations present in the 
system. 

Interchanges between H ions and cations of added base^ 

(2) Vanations of the b. c. c. obtained on titration with different bases ,* — 
Cation effects also play a definite role when the sols alone are titrated with 
bases. In titrating the sol, apart from the direct neutralization of the free 
H ions by the OH ions of the base, its cations displace various amounts of 
bound H ions from the double layer which are then neutralized by the OH 
ions. The greater the displacement, the greater is the amount of acid reacting 
with the base-at a fixed pH. Also, the higher the pH, the greater is the total 
acid or the base-exchange capacity (b. e. c.) with a given base. Titration with 
different bases gives different b. e. c.'s calculated both at the inflexion point 
in the titration curves as also at pH 7*0 as the results given in Tables V and 
VIII will show. 

Table VIII 


Base-exchange capacity of hydrogen clay calculated from titration curves with 

different bases 





B. 0 . c. ii 
j)er 100 

i m. 0 . base 
gm. colloid 

Sol 

Base UH(‘d for titration 

pH at. 
inflexion 

At inflexion 
point 

At /jH 7 •() 


NaOH 

5-4 

2-2 

15-4 


Ba(OH)2 

6 0 

20*6 

25 0 


Ca(OH)2 

5-8 

21 -5 

26-2 

H 

Ba(OH ) 

5-8 

21 -5 

: 32 0 


Ca(OH)2 .... 

6-6 

21 -5 ’ 

32 -8 


NaOU .... 

* 8 -05 

90 *0 i 

78 •() 

i 


Ba(OH)2 .... 

; 7 00 

1 

82-0 

82 *0 


Ca(O.H)2 .... 

; 6*95 

96 *0 

! 97-0 

K 

1 NaOH .... 

7-15 

68 •() 

1 61 *0 


1 

Ba(OH)j . 

5 -80 

55 *0 

; 67 -0 


Ca(OH)2 .... 

5-20 

58 -0 

1 67 -0 


* Some results ilhistrating the variability of the b. e. c. of hydrogt n clay have been 
difioussod in part VI [Mitra, Mukherjee and Bagchi, 1940] 
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The b. e. c. of E, L aoid N calculated at the inflexion point as also at 
7 * 0 decreases in the order Ca(OH) 2 >Ba(OH)g>NaOH. This is the order 
in which the b. e. c. at pH 7*0 of I and K varies. Tliat of I calculated at 
the inflexion point follows the order; Ca(OH) 2 >NaOH>Ba(OH) 2 . With 
K, the order is NaOH> Ca(OH) 2 >Ba(OH) 2 . In comparing the b. e. c. 
with different bases the pH at which it is measured is an important factor. 
The inflexion points do not all occur at the same pH. The titration curves 
from which the b. e. c.’s have been obtained show that increasing amounts of 
the base react with the sol as the pH rises. The comparison should, therefore, 
be made at the same pH, e.g. pH 7*0. At this pH, the b. e. c. in all cases 
decreases in the order Ca(OH) 2 >*Ba(OH) 2 >NaOH. The slopes of the 
titration curves also point to the same order of the capacity of the diflerent 
bases to react with the hydrogen clays. 

(2) Features of titration curves . — The cation effects also markedly 
influence the form of the titration curves. The study of these titration curves 
constitutes one of the important steps in the elucidation of the electrocfiemioal 
character and the results previously obtained by us have been described in parts 
V, VI, VII and VIII. Bradfield [1927] was the first to obtain the titration 
curves of elec trod ialysed hydrogen clays and following him, the work has l)een 
continued by Baver [1930], Baver and Scarseth [1931], Denison [1933] and 
others. Bradfield observed that the curves ‘ were of the type to be expected of 
very weak acids ’ and showed an inflexion point at pH 8*5 for NaOH and pH 
7*0 for Ba (OHJa- He found that both the bases gave the same b. e. c. at the 
respective inflexion points. Baver [1930] found a constant b. e. c. \rith all 
strong bases. But it will be seen from his paper that the pH at inflexion 
decreases in the order LiOH>NaOH>KOH>Ba(OH)o>Ca(OH) 2 >Mg(OH) 2 . 
According to Bradfield and Baver this was the order in which the 
corresponding salts of the clay acid were hydrolysed in an aqueous 
medium, but one might ask for the reason of the difference in the 
behaviour of these strong bases. The conductometric titration curves 
of Bradfield and Baver also resembled that of a weak monobasic^ 
acid, Bradfield, on the whole, considered that the reaction between 
a hydrogen clay and a strong base is an ordinary neutralization process 
and that ‘ recourse to the adsorption theory vseems unnecessary ’. However, 
some of his own observations are certainly difficult to explain in the light of 
the simple [)icture suggested by hifu. Thus, wdiile the end point of his conducto- 
metric titration curve with caustic soda gave the same total acid as the 
inflexion point of the potentiometric titration curves with this base and baryta, 
the end point of the conductometric curve wdth baryta gave a much larger total 
acid and this curve had also a somewhat different shape compared with tlie 
conductometric curve with caustic soda. Its initial portion was flatter and the 
end point more rounded. To explain these differences, Bradfield postulated 
the formation of insoluble products by the interaction of hydrogen clay w ith 
alkaline earth hydroxides. It is, however, difficult to see how the formation 
of such insoluble products would affect the forms of the potentiometric curves 
in the manner described by him. A simple parallel case is illustrated by the 
formation of calcium citrate from citric acid and calcium hydroxide. On the 
gradual addition of the base to the acid more and more calcium citrate wiU be 
precipitated and the pH will very slowly rise till all the acid has been neutral- 
ized. Further addition of the base will result in a sharp rise of the pH as 
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would be observed if the base were added to water. The titration curves of 
stearic acid sols witli baryta or lime (Fig 2) illustrate the ease where the weak 
acid and the resulting sab; are both almost insoluble. The features characteris- 
tic of the above two cn.ses are not shown by the titi’ation curves of hj^drogeu 
clay obtained by previous worl<;ers a.nd by us (discarssed below). Foi* example, 
the inflexion point is not as sluir]) .rs might tie expected and the curves indi- 
cate a pronounced buifer action beyond Ihe iiblexion point. According to 
Bradfield [1927] ‘ this latter feature is dillicult to explain Tiie following 
observations made by us iurtlier illustrate the difficulties in the wa.y of accept- 
ing a true weak monobasic acid charactei* of hydrogen clay sols as postulated by 
Bradfield and others. 

In contrast to the sharp initial rise of tlie potentiornetric titration curve 
with NaOH (Fig. 4) whicli indi(tates a weak acid character, the conducto- 
metric titration curve with tliis base shows a comparatively sliarp minimum, 
characteiistic of the titi*ation of a strong or a moderately strong acid by a 
strong ])ase. Sucli a minimum would not he obseJ'ved if the sodium salt of the 
clay acid underwent <a marked hydrolysis. On the other lutnd, the conductivity 
should increase! from t he beginning of tlu^ tii-ration as actually ()f)served by both 
Bradfield and Baver. In our work with about 40 hydi'ogen clays and sub- 
fractions of hydrogen clay hav ing sili(*a/alumina ratios ranging from 1-87 to 
4 ‘4*1 and prepared from soils of widely different origin, ashar}) minimum has 
been observed without excei)tion in the conductoiuctric titration curve with 
NaOH. It is possif)l(.‘ tluit Bradfield and Baver missed this minimum owing 
to too large (juaniitios of t he abva.li 1)eing added from the beginiiing of the 
titration. VVe liave observ ed that the miniiuimi in the conduetometrio titra- 
tion curve with NaOH gives only a small fraction of the base-exchange 
capacity, usually 10-20 j)er cent, calculated; fi’cm tlie inflexion point of tlie 
corresponding potcJitioiuetrie titration curve, which lies between pH 7*0 and 
8*r)'^ Beyond the minimum the conductometric titration curve shows a break 
and. the b. e. e. calculated from this l)reak agr'ees Avitli that olvtairied from 
tlie inlloxion ])oint of tlie fxitentiometrie titration curve. The conductivity 
minimum is real and cannot lie referred to the neutralization of any dissolved 
acid or acids iwesent as impurity in the sol as tlie titration curve of the ultra- 
filtrate of the sol shows no sucli minimum. In fact, the ultraliltrate contains 
little or no titratablo acid (Table if). Its pH ranges from 5-8 to (BH accor- 
ding to the degree of puTilication of the sol, while that of the sol lies between 
4*2 and 4-8 in agreement with the ' susj>ension effect' of Wiegner and 
Pallmann [1929]. The pH of the sol depends on the amount of the solid 
material contained in a given volume of the sol. 

A second objection against tlie ‘ weak acid ' theor 3 r is the fVict tliat the 
dissociation constant K calculated from different points of the NaOH curve 
(wdiich shows the greatest resemblance wifli that of a weak acid) with the aid 
of the well-knowui Henderson equation has been found to have different values 
[Mitra, 1940]. The concentration of the salt was taken as equal to that (B) 
of the base added and the concentration of the unneutralized undissociated 

* Th(> potnitionietrie titration curve with NaOll of sonv:^ liydrogen elays, e.g. tliat 
of F shown in Fig. 5 shows an iuftwion pvuntin the acid region in a<idition to tiie one in 
the alkalint! region (discussed latia*). In such cavses, the ininiinum of'tia' eoiiductomctric 
curve gives nearly the same total acid as the inliexion point in the acid region. 



Specific conductivity ( x 10® mho.; 
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acid as equal to C-B where C is the total acid * given by the inflexion point 
in the titration curve. Further, the dissociation constant calculated in the 
above manner does not agree with that given by the othei- tuass action equation 
oc 

K =—1 where a is the ra,tio of the free acid of the sol to the total acid V 

1-a 

and may therefore be called the degree of dissociation of the sol. a has a very 
small value even at total acid concentration of the order of 10-^ N which is in 
agreement with the weak acid cliaracter of the NaOH curve (potentiometric). 
But a strong acid character of the sol is indicated by its potentiometric titra- 
tion curves with Ba(OH )2 and Ca(OH) 2 . 

Some of our potentiometric titration curves witli NaOH show a dibasic 
acid character. Those of hydrogen clays F and Latekujan-F and hydrogen 
bentonite Hati-Ki-Dhani-B show this feature. (Fig. 5)** 

The first inflexion occurs near about pH 5*0 and the second between 7*d 
and 8*0. The initial portion of the titration curve of F has tlie appearance of 
that of a strong acid, and the weak acid character of tlie NaOH curve (poten- 
tiometric) of K shown in Fig. 4 is absent. These individual differences in the 
form of the titration curves are likely to be useful in the cliaracterization and 
classification of soils [Anderson and Byers, 1030]. They ha.ve been more fully 
dealt with in part VI II [Mukherjee, <i al,, 1942]. Tliey further show that 
an error might easily be made in drawing any general conclusion regarding the 
acid character of hydrogen clay unless supported by observations on a suffi- 
ciently large number of hydrogen clays prepared from soils of widely different 
origin and type. 

Of about 50 hydrogen clays and their sub-fractions studied by us the 
potentiometric titration curves with alkaline earth hydroxides of only one 
hydrogen clay, N, and two sub-fractions of L and the hydrogen bentonite 
Bhadres-B showed a weak acid character. The titration curves wdth these 
bases of all other hydrogen clays have a slowly rising initial ])ortion which 
show’^s a more or less marked inflexion point as w ould be observed in the case 
of a strong or moderately strong acid. The corresponding conductometric 
titration curves, however, show a w eak acid character (Figs. 4 and 6). These 
mutually conflicting features of the two sets of titration curves are not possi- 
ble to reconcile if the interaction between the hydrogen clay and the base is 
considered to be a simple neutralization process. 

The Ba(OH )2 and Ca(OH )2 curves of the majority of the hydrogen clays 
give an inflexion point between pH’s 5-5 and 6*3 ; for a minority the inflexion 
point lies between pH's 6*3 and 7^0, and in a few cases the inflexion point has 
been found in the weakly alkaline region although the initial portion of the 
titration curve shows a strong acid character. The oecuixence of the inflexion 
point near about pH 7-0 observed with some hydrogen clays is consistent 
with the strong monobasic acid character of the titration curves. Its occur- 
rence in the acid region which is more common indicates, according to usual 
concepts of electrochemistry as pointed out in the case of silicic acid sols, that 
the hydrogen clay is either a mixture of several dissolved acids having different 

♦This total acid given by tlie inflexion |>oiiit doeg iK)t repre^nent all Mie neutralizable 
acid present in the system 

’“^Sub-fractions of Hati-ki-Dhani-B and Latekujan-F also have a dibasic acid character 
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dissociation constants or it is a poly basic acid. The fact that the ultrafiltrate 
of the sol contains negligible free and total acids rules out the first possibility. 
The sol cannot also be considered to be an ordinary polybasic acid whose various 
dissociation constants have markedly different values as the titration curve 
shows no second inflexion even when the titration is extended to 12 *5“** 

Above this the hydrogen clay is likely to decompose. 



* of coursol if the dissociation constants do not differ raucli from one another, other 
inflexions will not be observed 
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The picture postulating the existence of mobile and bound H ions on the 
surface and their exchange for the cations of an added base or salt provides a 
consistent explanation of the slo}>es of the titration curves including the 
apparently contradictory features of the potentiometrie and conductometric 
curves discussed above. The first additions of the base neutralize the 
mobile H ions. This displaces the equilibrium between mobile and bound 
H ions which is restored by the passage of some bound H ions from the 
bound to the mobile condition. Adsorption of the cations of the base facilitates 
this process. When barium or calcium hydroxide is the base used, the Ba or 
Ca ions, because of their strong electrical adsorption, displace more and more 
bound H ions from the beginning of the titration and the H ions thus dis- 
placed are neutralized by the OH ions of the base. The titration curve (pot- 
entiornetric) has, therefore, a flat run (Figs. 4 and 6) indicating a moderately 
strong acid character. When the limit to which the bound H ions can be so 
displaced (by the cation of the base used) and neutralized has been reached, 
further addition of the base results in a sharp rise of the pH, that is the titra- 
tion curve shows an inflexion point. This limit, however, does not correspond 
to the neutralization of all the bound H ions. And the titration curve shows 
a continued buffer action beyond the inflexion point. Also, as previously 
shown, titration in the presence of a large concentration of a neutral salt yields 
a much larger b. e. c. The inflexion point in the titration curves with bases 
thus indicates the neutralization of H ions up to a definite affinity level. 

Using sodium hydroxide also, the first additions of the base would similarly 
neutralize the mobile H ions. The bound H ions which far outnumber the 
mobile H ions* cannot be easily displaced from the double layer by the Na 
ions because of their weak electrical adsorption. The pH of the system, 
therefore, shoots up and the titration curve shows a comparatively sharp 
initial ri.se. On further addition of the bfise, the concentration of Na ions 
in the system increases and with it their adsorption on the surface. This, 
combined with the gradually increasing pH of the system, helps in the neutra- 
lization of more and more bound H ions and tlie titration curve shows a 
flattening after the initial rise. When the limit to which the bound H ions 
can be so disi)Iaced and neutralized has been reached, further addition of the 
base results in a sharp rise of the pH, that is, the titration curve shoves an 
inflexion. Fig. 4 (also I’igs. 8 and 9 ) illustrates these features. 

The electrical adsorption of the cations of the base also influences the 
slopes of the conductometric curves and the considerations set forth above can 
account for their features. The greater the adsorption the more bound H 
ions will be displaced and neutralized at a given pH and the slope of the curve 
will resemble that of a weak acid. The Ba(OH )2 and Ca(OH )2 curves 
(conductometric) given in Figs. 4, 6 and 7 show these features. 

The displacement of bound H ions and their neutralization would also 
diminish the slope of the potentiometrie titration curve but in this case a 
smaller slope indicates a stronger acid. The NaOH curve (conductometric) 
has the greatest downward slope though the corresponding potentiometrie 
cu rve shows th e steepest initial rise, thus indicating the weakest acid character. 

*This is shown by our observation that hydrogen clay sols have a small ratio (less 
tlian 10 per cent) of the free acid to the total acid calculated from the inflexion f>oint in 
the titrati on curve with a dilute base 



Ill] NATURE OF REACTIONS RESPONSIBLE FOR SOIL ACIDITY. IX 461 

SS^fiTrlTir ‘KS0.1!. 



Eq. cone. ( X 10®) 

Fig. 7. Conduet-ometric titration enrvos of hydro^n clay with NaOH, KOH, NH^OH, 

Ba(OH )2 and Oa(OH )2 

* The theoretical slope i^ given by (L’H| — Um'*')/ 100(» wliere and 

are respectively the mobilities of H.+ ion and M+ the cation of the base 
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Table IX 


Observed and calculated slopes of conductofnetric titration curves of hydrogen 

clay with various bases 


Base used 

8]o]'>o of com 
cur^ 

Obst‘rvr‘(l 

due to metric 

Calculated 

NaOH 

OdOO 

0-346 

KOH 

a -085 

0-318 

NILOH 

0.4)45 

0-315 

Ba(OH)2 

0 -OIS 

0 -330 

Ca(On)2 

0 -00:1 

0 -335 

The observed vslopc is ahvays less than the theoretical one. The greatest 


discrepancy is marked with the Ba(OH )2 and Ca.(()lT)o curves, wliieli arises 
from the strong electrical adsorption of tljc catim^s of tliose bases. Tlie rela- 
tive slopes of these two curves confirm tlie contusion previously made that 
in the interactions witli the bases alone ions Iiave a stronger effect than Ba 
ions. 

Regular and. , specific cation effects 

The main features of the cation effects described in the [>?’(', \ ions sf^d ion 
and their importance in routine Tnethods of estimation of the l>. c. c. of soils 
and hydrogen clays are discussed below. 

The effect of cations in determining the lime requircmient and base-binding 
ca])acity of soil has been recognized by several worlvors [Crov thei* and JMartin, 
1925 ; Hardy and Lewis, 1929 ; Clark and Collins, 1930 ; Mattson, H)32 ; 1935 |. 
The exact nature of the cation effect, hoAvever, has not been clearly defined. 
Our resides show that this cation effect varies in certain respects with the pH 
and the distinction made in the previous seedion between the regular and spe- 
cific cation effects takes account of this variation. The regular cation effect 
observed in the intera; l ions with tlie salts and with bases in the presence of 
sails operates in the acid region. The sol and salt mixture c*ontains a con- 
sid(a’a)»le amount of free acid, its p'W being often as low' a.s 3-2 depending on 
t lie nature and concentration of the salt added, wdiile that of t he sol itseh lies 
near about pH 4*5. The interaction with bases in tlie jiresence of salts also 
mainly takes place in the acid region, usually between pH’s 3-5 and 5*5, 
ami cv nsequently here also the regular cation effect is oliserved. The titration 
curve of tlie sol nnd salt mixture ^darts from a pH near about 3 • 5, has a flatter 
run than the titration curve of the sol with the same base ahd usually show^s 
an inflexion point between pH’s 4*5 and 5 5 (Table V and Figs. 8 and 9). 
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M.o. of base por 100 gm, of colloid 

Fig. 8. Porontiomfd ric titration curves of bydrogoii clay L in the presenct* and absence 

of salts 


The specific cation effect observed in the interactions with tlie bases, on 
the other hand, operates in the weakly acid to allvaline ref^ion. I'he titration 
curves with the bases, especially those with NaOR, are less buffered in the 
acid region compared Av itli the titration (uirves of tlie sol and salt mixtures and 
their inflexion point occurs at a niiieli hiclier pH, usually between 5-5 and 
8-5 (Table V). 

Reference has been previously made to the lack of agreement between the 
values of the base-'exchange capacity (b. e. c.) of soil obtained by various routine 
methods. Using a number of hydrogen clays, comparison of different routine 
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methods shows [Mitra and Mitra, 1940; Mukherjee 1942] that this 

disagreement arises from the fact that sometimes the pH and, more generally 
the cation effects which operate in the several methods are not the same in a 
quantitative sense. Concordant results have, however, been obtained when 
the same type of cation effect is involved at the same pH and equilibrium 
conditions are considered. 



M.e. of base per 100 gm. of tH>lloid 

Fig. 9. Potoritiometric titration curves of hydrogen clay N in th<' picsence and absence 

of salts 


A simple explanation of the cation effect and especially of its variation 
with the pH is not easy to offer in the light of the classical concepts of electro- 
chemistry. The product of the interaction between hydrogen clay and mono 
and bivalent cations has often been regarded as an ordinary salt, the so-called 
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clay vsalt ’ and coiiBiderations of solubilities and degrees of dissociation of 
such clay salt have often been brought forward to explain the nature 
of such interactions and equilibriuiii conditions. Mattson [1932 ; 1935 ; 1937] 
has considerably developed this view. He postulates that, unlike ordinary 
salts, the clay salts are dissociated only to a limited extent and in the inter- 
action H.AB*OH+MA' (or MOH)±;:M.AB.OH+H A' (or HOH) between the 
hydrogen clay H.AB.OH and the salt MA' or base MOH, the smaller the 
degree of dissociation of the clay salt M.AB.OH, the greater will be the displace- 
ment of the equilibrium to the right hand side of the equation. He postulates 
further that the salt (MA') suppresses the dissociation of the compound (M.AB. 
OH) which the salt forms with the complex resulting in a further displacement 
of the equilibrium to the right hand side of the equation ; the efibct is similar 
to the sup])ression of the soIul)ility of a salt by the addition of another having 
an ion in common. According to him, in the titration of the sol and 
salt mixture, therefore, ‘ a lot of anions is not produced to suppress the dis- 
sociation of the acid ’ and consequently, compared with the sol itself the 
titration curve of the mixture gives a larger total acid at a fixed ^>H. 

It has been previously shown that if the heterogenepus nature of the sys- 
tem is not taken into consideration, the concepts of the degree of dissociation 
and dissociation constant have little significance in the case of even such simple 
polyphase acid systems as saturated solutions of acids containing excess of the 
solid phase. The difficulties are more pronounced and differ even in character 
with colloidal solutions of acids, e.g. hydrogen clays. Further, soliil)ility consi- 
derations have no real meaning with the so-called clay salt in the absence of 
any definite evidence to show that it forms a separate solid phase or an isomor- 
phous mixture. The interaction has been shown to be limited to the surface. 
Finally, such considerations cannot reconcile the differences in the relative 
eflFects of cations, e.g. the Ba and Ca ions, in acid and alkaline regions as ob- 
served by us unless further ad hoc assumptions regarding changes in the 
relative solubilities of the barium and calcium ‘ clayates ’ with the pH are made 
to fit the observations, 

A consistent explanation of the cation effects and of the interactions of 
hydrogen clays in general has been previously given on the basis of the con- 
cepts of primary and secondary adsorption of which latter electrical adsorption 
forms a particular type as postulated by one of us [Mukherjee, 1921 ; 1922]. 
The primarily adsorbed anion is fixed on the surface, v hile the adsorbed cation 
is present on the liquid side of the double layer. The tw o form an ‘ ion pair * 
which is fundamentally different from an ordinary salt molecule formed by 
the interaction betw een an acid and a base present either in the dissolved con- 
dition or in the solid state. The salt molecule has a definite solubility and it 
either remains in solution or separates out as a solid phase. The ion pair, 
however, is present in a peculiar phasal condition being present only on the 
surface. Besides a proportion of the cations neutralising the negative charge 
is present in the liquid and is thus in a dissolved condition, while the 
other part of the salt, the anion, is fixed on the solid surface and should thus 
be considered insoluble. Consequently, the ion pair as a whole can have on 
definite solubility in the usual sense. 

The above picture has much in common with that suggested by Wiegner 
[1925; 1931]. The main difference consists in postulating the forces by which 
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the cations are held near the surface and, specially, the variation in the nature 
of these forces with the pK, Wiegner and Jenny [1927] also suggested the 
existence of electrical and specific forces of attraction to account for their 
observation that the alkaline earth metal cations are often adsorbed and re- 
leased in different orders. They considered that adsorption was always 
brought about by electrical attraction. Once the cations were taken sufficient- 
ly near the surface by electrostatic attraction, they combined with the anion 
residues on the surface by more specific forces, e.g. chemical affinity, and the 
subsequent release of the cations Jrom the resulting combinations depended 
on the nature and intensity of the binding force. Our work shows that ad- 
sorption itself may take place through electrostatic attraction as also more 
specific forces and, what is more important, the pH determines the nature of 
the force that operates. 

The variations of free and total acids previously discussed point to the pre- 
sence of H ions in different levels of reactivity (or affinity) on the surface. 
Of these, (1) the free, i.e. the osmotically active H ions present in the mobile 
sheets of the double layer are the most reactive and they give rise to the free 
acidity, that is the observed e.Tu.f. of the hydrogen or glass electrode. They 
are easily neutralized by OH ions and displaced by osmotic interchange with 
the cations of an added salt even if the latter are alkali metal cations and are 
present in small concentrations. In addition to these mobile H ions, there 
are (2) H ions secondarily adsorbed or bound which react with OH ions of 
the added base independent of the nature of its cations. In other words, in 
addition to the free H ions there are bound H ions on the surface which come 
out when the pH of the sol is increased. Lastly there are (3) H ions at a much 
higher affinity level which are released by strongly adsorbed cations whose 
nature and concentration determine tlie number of bound H ions set 
free at a compartively low pH. The inflexion point in the titration curves 
witli bases alone indicates in addition to the neutralization of H ions of tlie 
second category tliat of some H ions of the third category. A large number 
of tliese latter H ions are neutralized (at the inflexion point) when the sol 
is titrated in tlie presence of a large concentration of a neutral salt. A high 
concentration of a styrongly adsorbed cation togetlicr with a liigh pH makes 
reactive the largest number of bound H ions. The limit to which the pH 
can be raised is conditioned by the stability of the adsorption complex. Hy 
making a suitable choice of the salt and its concentration it may be possible 
to reach a limiting value of the total acid, that is the b.e.c. Unpublished 
results of S. K. Mukherjee of this laboratory indicate the existence of such a 
limiting value. The b. e. c. given by Schofieid’s [1933] method approaches this 
limit. 

The acid character of hi/drogen clay in relation to some problems of soil science 

An outline of tlie fundamental electrochemical character of hydrogen clay 
as an acid system has been given above. The manner in which it varies witix 
some other properties of the hydrogen clay is indicated below. Details of these 
investigations will be published in separate series of papers. 

Variations in the properties of sub-fractions of hydrogen cldy 

Sub -fractions of a hydrogen clay obtained by the graded centrifugalization 
of the entire clay fraction have been found to show the same broad features. 
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e.g. the regular and specific cation effects, as the entire liydrogen clay fraction. 
The base-exchange capacity (b.e.c.) of the different fractions usually increases 
with diminishing particle size as observed by other workers [Marshall, 1935]. 
However, the b.e.c. calculated per s(|. cm. of the external surface* does not 
iisuc'illy remain constant, showing that tlie reaction with the l)ase is not confined 
to the outer surface. Idie difference may also arise from the observed differ- 
ences in the mass chemical compositions of the diffei'ent fractions. The 
variations in chemical composition may arise from : (a) varying admixtures 
of free silica and sesquioxides in the different fractions, (b) the presence of 
different clay minerals in the various fractions, and (c) isomorphous replace- 
ments within the lattice of the same mineral contained in the different frac- 
tions, (b) and (c) would probably give rise to some definite alterations in the 
forms of the titration curves of tlie different fractions. Actually, however, the 
titration curves usually have more or less the same form, sliowing that the 
various fractions have fundamentally the same mineral constituent. An in- 
teresting observation made with most of the sub-fractions is the fact that their 
b.e.c. usually increases with a decrease in the silica-sesquioxido ratio. A 
positive correlation between the b.e.c. and this ratio is, on the other hand, 
usually observed with entire clay fractions [Mattson, 1932], 

Our subsequent work on the sub-fractions includes, in addition to the above 
electrochemical studies, investigations on their X-ray and optical properties 
and their mineralogical compositions. 

Alterations in the projxtrlies on the reMoml of ' free ’ silica and sesquioxides 

The hydrogen clays have been found to show the same general features 
e.g. the cation effects, both before and after removal of the free inorganic oxide 
contained in them. These features are thus characteristic of the exchange 
complex itself. Definite variations in the b.e.c. v ere often observed on the 
removal of the free oxides. Using Mattson's [1932] method for this purpose 
a decrease in the b.e.c. was always noted. Tamm’s [1922] method gave rise 
to a decrease in the case of some liydrogen clays, while with others, an in- 
crease w^as observed. In no case, a decrea.se in the b.e.c. was observed 
using Drosdoff and Truog’s [1935] method. The b.e.c. either increased or 
remained unaltered. An increase in the b.e.c. has ahvays been observed 
using the method of Truog et al. [1936]. 

The role of aluminium ions in the inleraciions of hydrogen clays 

The role of aluminium ions in tlie interactions of hydrogen clays and acid 
soils with neutral salts is a much discussed problem. 8ome workers [Page, 
1920 ; Wilson, 1929] consider that tJic acid liberated by tlie salt dissolves 
Al ions from the adsorption complex, while others [Daikuhara, 1914 ; 
Kappen, 1916] hold that a direct exchange ofAl ions for the cations of the 
added salt takes place. The following are the possible sources of the displaced 
Al ions ; (a) free AlgOg contained in the liydrogen clay wliich is dissolved 
by the acid liberated ; (6) Al ions forming the lattii^e of the mineral cons- 
tituents of the clay; and (c) Al ions present on the surface in a secondarily 

*In calculating the external Burfacc?, a spherical symmetry of the particles and a 
constant density of the different fractions were assumed* 
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adsorbed condition. Aluminium in all these three forms may react with acids, 
bases and salts. Toxic properties of acid soils are often attributed to the alu- 
minium found in the soil solution [Comber, 1924]. It has been found [Mukher- 
jee et al., 1932 ; also unpublished work of Majumdar], however, that Aliens 
are stable on the surface of colloidal particles of aluminium oxide sols at a 
pH as high as 6 • 0. Fuller information regarding the part played by Al ions in 
the interactions of hydrogen clays under different conditions is therefore 
desirable. 

It has been observed [Mukherjee and Chatter jee, 1942] that the titratable 
acidity of the neutral salt extracts of hydrogen clay is sometimes 
greater than can be accounted for by the amount of aluminium present in the 
extract when low concentrations (e.g. up to 0-002A) of the salt are used. 
The amount of aluminium increases with the concentration of the salt and at a 
sufficiently high concentration (usually near about I -ON, using salts of the 
alkaline earth metal cations) it has been found to be almost equal to the titra- 
table acidity. At very low concentrations, e.g. up to 0- 002A using salts of the 
alkali metal cations, only hydrogen ions are displaced. 

The hydrogen-ion activity increases on the addition of the salt and favours 
the back reaction in the simple schematic equation given below ; 


I Clay 
1 


H-fR+A 


+ — 


Clay R-fH+A 


As the concentration of the salt increases, more and more Al ions are 
exchanged at the expense of H ions, but the two processes do not seem to be 
independent of each other although, as already stated, only H ions are ex- 
changed at the lower concentrations of the salt. Experiments in which the 
pH was kept constant by the use of suitable buffers showed that the amount 
of aluminium liberated is the same as that when no buffer were u.sed and the 
pH allowed to decrease as a result of the addition of the salt. The relation 
between the amount of Al liberated at a constant pH and the concentration 
of the added salt is given by a curve which closely resembles the adsorption 
isotherm. All these results indicate the presence of Al as well as H ions on 
the surface of the hydrogen clay particles. Ions of both categories are directly 
exchanged for the cations of the added salts. 


Summary 

The hydrogen clay is the inorganic part of the soil adsorption complex 
whose exchangeable cations have been replaced by H ions. It is usually 
made up of one or more secondary clay minerals, some comminuted primary 
minerals and ‘ free ’ oxides of Si, Al and Pe. The ensemble is an essentially 
electrochemical system— an electrolytic colloid with a dominant acid character. 
The main object of this investigation is the elucidation of this acid character. 

Hydrosols of hydrogen clays are definitely polyphase acid systems, the 
insoluble acid material consisting of one or more phases and the intermic.llary 
liquid another. While the sol has free acid usually of the order of its 

ultrafiltrate shows an almost neutral reaction. 

The interpretation of the titration curves constitutes an important step 
in the elucidation of the acid character. With this idea, hydrogen clay has 
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been titrated under various conditions and the features of the titration curves 
have been carefully analysed. The titration curves of the following simple 
jmlyphase acid systems which are amenable to more straightforward theore- 
tical treatment than the complex hydrogen clay have also been studied : (i) 
saturated solution of cinnamic acid containing the solid acid ; (it) palmitic 
and stearic acid hydrosols ; and (in) hydrosols of silicic acid. 

The titration curves of cinnamic acid in the presence of the solid phase 
illustrate the difficulties in interpreting titration curves of heterogeneous acid 
systems. Kinetics of surface reactions play a definite role. The total amount 
of the acid taking part in the reaction is not constant but depends on the 
amounts of the alkali added. The course of the titration curve, however, 
can 1)6 fully understood knowing the solubility of the acid, its dissociation con- 
stant in true solution and the solubility of the resulting salt, sodium cinna- 
mate. For the complex hydrogen clay the necessary information is lacking. 

The titration curves of stearic acid sols with alkaline earth hydroxides 
illustrate features which would to expected if the hydrogen clay hydrosol 
were a heterogeneous acid which gives an insoluble salt like Ba- or Ca-stearate. 
Apart from some minor discrepancies the course of tlte titration curves of the 
stearic acid sol is fully accounted for by the phase rule 

Complexities are observed with silicic acid sols. The liydrogen ion acti- 
vities, total acidities and the titration curves of the sols with bases differ in 
several essential respects from those of truly dissolved acids or from colloidal 
solutions of stearic acid. The total acidities at the first inflexion point are 
the same when titrated with sodium hydroxide as with barixmi or calcium 
hydroxide, but the slopes of the curves show a stronger adsorption of 
the alkaline earth metal ions. The first inflexion point occurs in the acid 
region between pH 4-3 and 4-7 and would indicate, for acids in true solution, 
that a poly basic acid and/or a mixture of acids of different strengths are present 
in the solution. Analysis of the ultrafiltrate shows that dissolved acids 
cannot be held responsible for the course of the titration curve including the 
inflexion point in the acid region^ The interaction with the alkali continues 
beyond this inflexion point. Further, when a barium or a calcium salt is added 
to the system an amount of neutralizable acid considerably larger than the 
total acidity at the first inflexion point is liberated. This inflexion point, 
therefore, in no sense corresponds to the neutralization of all the hydrogen 
ions capable of reaction and the degrees of dissociation or dissociation con- 
stants calculated on the assumption that the amount of acid neutralized at the 
inflexion point represents the total neutralizable acid present in the system, 
lose their usual significance. The hydrogen ions liberated by neutral salts 
pass into the ultrafiltrate but additional hydrogen ions are still present in 
the system. This is shown by the results of continued leaching. A definite 
cation effect associated with the energy of the fonnation of an ion pair by se- 
condary adsorption is indicated. The complete titration curve of the sol with 
caustic soda shows on first examination that the sol appears to be a mixture 
of a moderately strong acid and a weak acid in true solution and that the latter 
is present in a very much greater concentration than the former. Calculations 
of the slopes of the conductometric and potentioraetric curves and of the buffer 
indices show, however, that the resemblance is superficial. 
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Hydrogen clay sols present striking differences from acids in true solution. 
The total reacting acid or the base-exchf^inge capacity (b.e.c.) of hydrogen 
clay is not a fixed quantity but depends on pH and cation effects. Usually, 
the greater the pH the greater is the b.e.c. Tlie cation effect is illustrated by : 
(a) the dependence on the cation of the base of the b.e.c. calculated at the in- 
flexion point and more strikingly at a fixed pH, e.g. 7-0 ; (ft) by the much 
higher b.e.c. obtained on titration in the presence of a large concentration of a 
neutral salt than in its absence ; and (c) by the diff erent effects of various neu- 
tral salts having a common anion. In the absence of salts the b.e.c. decreases 
in the order Ca(OH) 2 > Ba(()H) 2 > NaOH which, however, changes to 
Ba(OH) 2 > Ca(OH) 2 > NaOH in the presence of a fixed concentration of the 
corresponding salts. The reversal in the relative effects of Ba and Ca ions 
has been traced to the differences in the pH region in which the acid-base 
reaction takes place. In the presence of the salt the interaction with the 
greater portion ot the liase Ba(OH )2 or (Ja(OH )2 up to the inflexion point 
occurs in the acid region, usually betw^eenpH 3*5 and 5*5 ; while in the absence 
of the salt it is mainly confined within the range of pH 5 * 5-6 • 5. In the presen- 
ce of salts the cation effect is regular in tlie sense that it follows tlie lyotrope 
series and is determined by the order of the electrical adsorjition of the cations 
together with their hydration envelopes. At the comparatively high pH 
in the absence of salts the cations are probably adsorbed in a dehydrated con- 
dition, which accounts for the irregular or s))eeific cation effect, irregular in 
the sense that it does not follow the lyotrope series, operating under these 
conditions./ The regular and specific cation effects have been observed with 
sub-fractions of hydrogen clay liaving equivalent splierical diameters ranging 
between specified limits and separated from the same entire clay fra-etion and 
also with hydrogen clays after they have been treated by methods aiming at 
the removal of their free inorganic oxides. 

The indefinite nature of the total neutralizable acid goes against the 
postulate of similarity w ith weak acids in true solution supported by some work- 
ers and invalidates the applicability of the concepts of degree of dissociation 
and dissociation constant in .such systems. Hydrogen clay sols have low values, 
usually about 5-10 per cent, of the ratios of their free to total acids, that is, 
of the degree of dissociation in usual language. The potentiometric titration 
curves of the sols with the alkaline earth hydroxides have, on the other hand, 
usually a strong monobasic acid character. The inflexion points in the 
curves for these bases almost in all cases lie in the acid region. No second 
inflexion has been observed even on titrating up to pH 12. 

The cation effect also impresses itself on the form of titration curves. 
The curves with different bases have different forms. While the baryta and 
calcium hydroxide curves (potentiometric) have a flat initial run and thus have 
a strong acid character, the caustic soda curves show a comparatively 
sharp initial rise and in this respect resemble that of a weak acid. The features 
of the conductometric curves are at direct variance with those of the potentio- 
metric curves. Thus the slopes of the descending portions of the conducto- 
metric curves are in the order NaOH>Ba(OH) 2 >Ca(OH) 2 , indicating a 
stronger acid character of the NaOH curve compared with the Ba(OH)« or 
Ca(OH )2 curve. v ^2 , 
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^ Sub-fractions of the same hydrogen clay often show nearly the same type 
of titration curves. I he b.e.c. per gramme generally increases with diminish- 
ing particle size. Calculated per sq. cm. of the external surface, however, 
the b.e.c. usually increases with the size of the particles. 

When a neutral salt is added to a hydrogen clay sol, both H and A1 
ions are exchanged for the cations of the salt. It is only when salts of alkali 
metal cations are added in very low concentrations, e.g.iipto 0M)02iY, that 
only H ions are exchanged. The relation between the amount of A1 
liberated at a constant pH and the concentration of the added salt is given 
by a cun'^e which closely resembles the adsorj)tion isotherm. 

The conceptions of primary and secondary adsorption of ions, of electrical 
adsorption and adsorption by valence forces offer a satisfactory explanation 
iof the results recorded in this paper. The interaction between the hydrogen 
clay and an electrol 3 rte, apart from neutralization and other known chemical 
processes, involves exchange of H (and aluminium) ions present on the surface 
of the particles for the cations of the latter. The extent to which the caticm 
will displace these H (and aluminium) ions will depend on the concentration 
of the added cation and the relative adsorbabihties of the ions. The larger 
b.e.c. of a hydrogen clay with alkaline earth hydroxides compared with the 
alkalies is thus to be attributed to the higher adsorbability of the alkaline 
earth cations compared with alkali metal cations. The adsorption of the 
cations is determined by their valencies, mobilities and states of hydration 
if adsorption is mainly the result of electrostatic forces. When it is'brouglit 
about by chemical or valence forces, solubility and other considerations beciome 
of importance. 'J'he regular and specific cation effects, the differences in the 
slopes of the titration curves with different bases and features of conductometric 
and potentiometric titration curves, difficult of interpretation in the usual 
way, find a simple and consistent explanation. 
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-STUDIES IN THE PERIODIC PARTIAL FAILURES OF 
THE PUN JAB- AMERICAN COTTONS IN THE PUNJAB 

V. PHYSICAL AND CHEMICAL PROPERTIES OF THE SOILS ASSO- 
CIATED WITH TIRAK (BAD OPENING OF BOLLS) 

BY 

R. H. DASTUR 

S AND 

K. M. SAMANT 

Punjab Agricultural College, Lyallpur 
(Received for publication on 20 June 1941) 

(With 1 text-figure) 

T he idea of investigating the soil conditions in order to determine the 
causes of cotton failures arose as a result of observations made on the 
cotton crop during the cotton seasons of 1935-36 and 1936-37. It was observed 
that tirak or bad opening occurred in one part of the field, while normal plants 
were found in another part of the same field. It was also found later that 
tirak or bad opening occurred in the same field or in the same yiortion of a field 
whenever cotton was grown. These observations suggested that the noil 
factors might be associated with tirak. This view was also supported by the 
symptoms exhibited by tlie American (cotton plants when they sufl’ered from 
this physiological disease. Such fields were marked out in the cotton season 
of 1936-37 and soil samples, foot by foot up to a depth of 6 or 12 ft., were 
taken from these fields or portions of a field where the conditions of plants were 
found to be normal. 


Tnvestigatton 

Soils with sodium salts in the subsoil 

During the early stages of the soil investigation it was discjovered that the 
soils where tirak a|)peared were alkaline varying from 9.2 to 9.8. The 
soils under normal plants were not so very alkaline in reaction, the fluctuat- 
ing between 8.0 and 8.4. But such differences in the pH between the soils 
where normal and tirak plants were observed held good in some cases but not 
in others. The soil reaction was in the neighbourhood of pH 8.0 even when 
tirak wjis present (Table I). 

Later it was discovered that though the subsoil under tirak was not 
alkaline, there were present abnormal amounts of total soluble solids in such 
soils indicating the presence of neutral sodium salts (Table II). This led to 
the determinations of total soluble solids in the soils from the normal and 

♦The investigations described in this paper were carried out in the Punjab Physiologi- 
cal (Cotton Failurfse) Scheme financed jointly by tlie Indian Central Cotton Committee 
and tho Punjab Government 
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lirak patches (Table II). A complete analysis of the soluble salts, foot by foot, 
showed that the soils where Hralc apj)cared had a subsoil with abnormal 
amounts of soluble (;hIoride.s, sulphates and bicarbonates as compared with the 
quantities ol these salts present in the subsoil where normal plants grew 
(I able III). The abnormal amounts of sulphates, chlorides and bicarbonates 
were present from either the third or the fourth foot downwards (Table III) 

1’a ble I 


pH of soils under norrrutl and tirak pkmis at the Li/allpur Agricultural Farm 
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1 

i 
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j 8 -0 
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8 -1 

1 

8-1 

6 . 

8-4 

* 9-6 

81 

9-6 

8*8 

1 

1 7 •!) 

i 

1 

8-1 ! 

8 *3 


In some cases there were also prcseiil. small amounts of sodium (carbonate, 
while it was absent in other cases. This explained the fact that the subsoils 
under tirak plants were more alkaline in reaction in some cases than the 
subsoils under normal ))lants, but this difference did not hold good 
in other cases. 

The mechanical analysis of the soils under two types of plants showed that 
the sand fraction decreased while the clay and silt fractions increased in the 
subsoil of tirak patches, while that was not the case with the subsoil of 
the normal patches. This difference did not hold good in all cases, as for 
instance in the (iase of light sandy soils which are saline in the subsoil. When 
the soil samples up to 12 ft. depth were analysed it was sometimes 
found that the sand was at a lower dept h in the case of normal soils than in 
the case of soils with salts in the subsoils (Table II). 



Table II 
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Taiu.e TU 

Qiiantities of soluble carbonates, bicarbonate s, sulphates and chlorides in gin. in 
100 gm>. of soil (calculated, as sodium salts) in normal and, tirak patches 


in ft. 

Total 

soluble 

salts 

Carbo- 

nates 

Xormal 

Bicar- 

bonates 

Chlo- 

rides 

Su]|»hate8 

I’ot.al 

Hohiblc 

salts 

^3 

f!arbo- 

.nat(‘s 

Hrak 

! 

1 Bicar- 
! boiiates 

Chlo- 

rides 

Sul- 

phates 

Bt 

0-084 

0-003 

0-069 

O-OOl 

0-004H 

0-115 

Traces 

0-101 

0 004 

0-012 

nd 

0-087 

0-002 

0-081 

0-001 

Nil 

0J16 

Do. 

0 090 

0-001 

0-024 

rd 

0-084 

0-001 

0-080 

Kll 

Nil 

0-121 

0 • 002 

0 • 100 

0-003 

0-021 

bh 

0-078 

Traces 

0-061 

0-003 

0010 

0-215 

0 • 002 

0 • 1 80 

0-023 

0-055 

th 

0-082 


0-072 

0-005 

0-010 

0-345 

0 012 

()-lK2 

0-047 

0-1 J2 

th . 1 

0-078 

” 

! 0 066 

0-004 ! 

0-011 

0-448 

0 023 

0 • 202 

0-076 

0-154 

at 

, 0-048 

Nil 

0-035 

Nil 

Nil j 

1 

0-073 1 

Nil 

0 • 050 

i 0 007 

1 0-015 

Dd 

0-037 

- 1 

0-034 


1 

M i 

j 

0-105 1 


0 053 

1 0-018 

0-024 

rd 

0-041 ! 

,, ^ 

0-035 ; 

0 -00 1 ' 

I’riiccs 

0-107 1 


o-ossj 

0-051 

1 

0-075 

th 

0-040 ! 

” ; 

0 (131 

0-002 

Do. 

0-342 1 

,, 

0 070 

0-081 

0-un 

bh 

0-046 1 

1. i 

0-037 

0-003 i 

Do. 

0-442 i 


()0(i5 

0-079 

0-274 

th 

0 036 

i 

0-034 

0 005 

Do. 

0-330 


1 0-064 

1 i 

0-064 

0-189 

! 


Kts were dug on tirah and normal [)aJelie8 of a field and the soil of each 
foot was separately collected u|) to a de|)th of 0 feet and v\ as |)la(‘.od in six 
separate pots. Thus each of the six pots contained soil from any one-foot 
layer of the six one-foot layers of tirak [)atcli. Similarly another six pots 
were filled with soil from any one-foot layer of the six one-foot layens from the 
normal patch. Seeds were sown in June 193() in each of these pots, it was 
then found that either the sepds did not germinate or they did not grow further 
after the seedling stage in the pots which contained soils from either the 4th, 
the 5th or the 6th foot of the tirah patch, wliile the plants gixnv normally in 
pots containing soil from the 1st and the 2nd foot. Tlie growth was subnormal 
in the 3rd foot of tlie soil. On the other hand, the i>lants grew normally in 
all the six pots containing soil from normal patch. The abnoimal concentra- 
tions of the sodium salts proved toxic to the roots in pots (*ontaining subsoil 
layers of the tirak j)atch. This was not unusual, as it was later realized tliat, 
similar thing occuri‘ed in fields w here alkali salts, or kalar as is commonly 
called in the Punjab, was present on the surface. This fact was further con- 
firmed by taking soil samples from a field under (*otton tliere was a big 

area iiregular in outline, where ‘ no cotton plants ’ were present diu^ to failure 
of germination. Surrounding this area there was a zone of stunted and 
scattered plants. Farther awniy from the second zone the field had a normal 
stand of cotton with medium growth. The soil samples u)) to a depth of 6 ft. 
were taken from each of these zones and analysed (Table IV). l^he result re- 
vealed the same features discussed above. In the area of no-plants the alkali 
salts were abnormally high from the 1st foot while they were less in amounts 
in the zone of stunted plants. They w^ere still less in ttie region of the normal 
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stand of crop of medium growth. The mechanical analysis of the soils showed 
that the subsoil was sandy under normal stand of crop and heavy in the zones 
of scattered plants and devoid of plants. 

It may be here pointed out that the soils of the Punjab are known to be 
very heterogeneous and the physical and chemical properties of the soils differ 
widely even in the same field measuring an acre. It is also found that the 
concentrations of alkali salts varied greatly in soils taken from two spots situa- 
ted at a distance of a few feet (Table V). 

Table V 


Percentage of soluble salts under normal and tirak plants found in the same field 





Lyalipur 



Sargodha 

Montgomery 

Deptli iu ft. 

Normal 

j 

Tirak ■ 

i 

Normal 

Tirak 

Normal 

: 

Tirak 

Normal ! 

i 

.i 

Tirak 

Normal 

Tifftk 

1 . . . 

0-077 

0-106 

0*061 

0 076 

0*084 

0*115 

0*056 

0*064 

0-078 

0*078 

2 , 

0*070 

j 0-108 ; 

0*045 

0 078 

1 0*087 ' 

0116 

0*063 

0-050 

0-065 

0*098 

8 . . . 

0 088 

1 0-219 

0-051 

0*629 

■ 0-084 

0-121 

0*068 

0-147 

i 0-078 

1 

0-192 

4 . . . 

0*009 

1 0-330 

0 052 

0*591 

j 0*078 

0-215 

0*069 

0-234 

0-086 

0-198 

5 . 

0 067 

1 0-880 

0-045 

! 0*382 

0*082 

0-345 

0*067 

0-364 

1 0-078 

0*466 

6 . . . 

0-074 

j 0'390 

0-028 

1 0*148 

• 0*078 

0-448 

0-067 

! 0*242 

1 

j 0-065 

0-420 


An idea of soil heterogeneity could be obtained from Fig. 1. A field 
measuring about one acre was selected for an intensive study of the soil condi- 
tions as tirak was found to occur in patches in 1936. The patches of tirak 
plants and normal plants were found irregularly distributed over the whole 
acre. The field was therefore divided into 48 small plots of 1/80 acre each and 
the soil samples were collected from these plots up to a depth of 6 feet. The 
soil samples were analysed for total soluble salts, physical structure, pH 
and soluble calcium and sodium. Cotton was sown in these plots in 1938 
season and detailed observations on the condition of the crop were made 
throughout the season. These observations on the growth of the crop will be 
discussed elsewhere. It was found that normal and tirak conditions of 
the crop in each plot were associated with normal' and abnormal concen- 
trations of sodium salts in the subsoil. Fig. 1 has been prepared on the 
basis of normal and tirak condition of the crop as actually observed (unsown 
ini^erstrips between the plots are not shown). It was sometimes found that 
normal plants occurred in one portion of the plot, while tirak plants occurred in 
another part of the same plot. So, fresh soil samples were collected to see the 
condition of the soil under each type of crop and the above-mentioned relation- 
ship was found to exist. When tirak crop is indicated in a plot in Fig. 1, 
it does not mean that the whole crop was tirak in the entire plot in all cases. 
There may be normal plants in some of these plots but the majority of plants 
had shown tirak. The intensity and spread of tirak was also found to vary m 
these plots in different years. In 1938 cotton season, the hrak appeared in a 
less intense form and was on a smaller area than in 1939. Tliis difference vdll 
be explained later. 
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the conversion of calcium clay to sodium clay in the subsoil of the tirak pat- 
ches had occurred, while it was not the case in other tirak patches, even though 
soluble sodium was found to be in higher amounts than soluble calcium (Table 
VIII). In the case of normal soils exchangeable sodium was nil or negligible 
and soluble salts were mostly calcium salts. It may be pointed out that in 
the following results exchangeable sodium plus potasvsium are given but 
separate determination of exchangeable potassium revealed that it always 
fluctuated between 0*2 and 0*5 milli-equivalents per 100 gm. of soils in 
normal as well as in tirak patches. So, when the value of exchangeable sodium 
and potassium is higher than 0-5m.e., it must be taken that the remaining 
quantity represents exchangeable sodium alone. 

Table VIII 


Exchangeable sodhini'\-j)otassium and calcium in normal and. tirak jyatches 




(M. C 

?. per 100 

gm. < 

of soil) 





Tirak 

Normal 

, 1 

i 

Tirak 

j Normal 

Dppth in ft . 

1 

Exchange- 

able 

Na + K 

Exrhanpc- 

(a 

Exchange-! Exchnngc- 
1 able able 

Na-f-K I Ca , 

i 1 

Exchange- 

able 

Na + K 1 

Exchange- 

able 

C.-i 1 

! 1 

Exchange- 
! able 

N a '•!• K 

Exchange- 

able 

Ca 

Ut . . . 

0-99 

7-4 

0-56 

6-8 

1-4 

7-8 

I 00 

7-4 

2nd . 

0-78 1 

8*6 

0*25 

70 

i 

2-4 i 

1 

1 8-4 

i 

0-9 

i 8-2 

3rd . . . 

0 43 

' 8-6 

0-23 i 

3-8 

34 

1 , 

3'3 1 

i 

0-6 

1 

0'2 

4th 

0-43 1 

8-0 

i 

' 0 30 i 

1 ! 

8-0 

1 j 

2-4 ' 

8'0 : 

1 0 i 

j 

1 

94 

1 

6th 

117 

8-4 

0 ,30 

3-3 

5-4 ‘ 

6-4 

0 1 ; 

0 0 

3th 

0-78 

8*3 

0-30 : 

I 

71 

i 

‘ 5-4 

6‘2 ! 

0-3 

7 ■ 


The degree of sodiumization of clay, i.e. the amount of exchangeable 
sodium, was not found to bear any relation to the total soluble sodium salts 
present. In many cases even though the total soluble sodium salts wei e very 
high the exchangeable sodium in the clay complex was low, while the quantity 
of exchangeable sodium was high in soils containing lesser amounts of soluble 
sodium salts (Table IX). 

Thus, the soils w^here tirak appears are found to contain abnormal 
amounts of total soluble solids in the subsoil from the 3rd or the 4th foot down- 
wards. The soluble solids contain larger quantities of free sodium than cal- 
cium. In some cases sodium has replaced calcium in the clay complex, while in 
other cases similar base exchange has not taken place even though free 
sodium is found to be in excess of calcium. Except for the above mentioned 
differences, the soils from tirak patches were not found to differ in any other 
character. 

A large number of results collected from soils of different fields in different 
districts where tirak was noticed are aA^ailable in support of the above conclu- 
sions. 
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Table IX 

Soluble. a7hd exchangeable, sodium and calcium in tirak and normal soils'^ 





Sargodh 

J. 


Lyallpur 

DepUi in ft. 

Total 

Soluble i 

Soluble 

Ex- 

Ex- 

Total 

Soluble 

Soluble 

Ex- 

Ex- 


solids 

Na ! 

Ca 

change- 

chaugc- 

solids 

Na 

Ua 

change- 

change 


(per 

(per 

(per 

able 

able 

(per 

(per 

(per 

able 

able 


cent) 

cent) I 

c ent) 

Nai-K 

Oa 

cent) 

cent) 

cent) 

Na + K 

Ca 



I 


(m.e.) 

(m.e.) 




(m.e.) 

(m.e.) 





(a) Tirak patches 






1st . 

0 063 

0-003 

0-008 

1-05 

9-4 

0-037 

0-003 

0 008 

0-9 

9-8 

2nd . 

0-068 

0-008 

0-007 

0-88 

11 -2 

0-076 

0-029 

0 006 

I 1 

11-6 

3rd . 

0-140 

0-014 

0 005 

2-12 

9-2 

0-497 

0-148 

0-047 

NU 

11*2 

4th . 

0-285 

0-059 

0-004 

3-00 

7-21 

0-583 

0 155 

0-039 

M 

9-2 

5tU . 

0-304 

0-062 

0 008 

2-12 

6-8 

0-681 

0-167 

0 029 


7.8 

«th . 

0-242 

• 0-060 

0*005 

1-36 

6-0 

0-375 

0-148 

0-013 

4-2 

5-6 





(5) Nonnal putehet 







Sargodha 





Montgomery 


Iflt . 

0*055 

0-003 

0-014 

0 -60 

10-6 

0 080 

1 0-003 

O-OIO 

0-8 

6*6 

2nd . 

0-003 

0 003 

0-012 

0 -48 

12-4 

0 098 

! 0-002 

0-009 

0-8 

1 7-0 

3rd , . . 1 

0 068 

0 - 003 

0-015 

0-54 

18-4 

0-086 

I 0-001 

0-008 

0-6 

7-6 

4th . 

0-058 

0-003 

0-013 

0-65 

12-6 

0-094 

' 0-002 

0-009 

0 4 

i 8-4 

5th , . , ! 

0 067 

0-004 

0-015 

0-48 

12-6 

0-098 

0-001 

0-008 

0-6 

8-4 

«th . . . ; 

1 

0-067 

0-003 

0-013 

0-43 

10-3 

0-094 

0 001 

0-008 

0-6 

1 7-2 

♦Exchanpcnbk* potuRshim is generally 0-2— 

0 5 in.e. 








It was pointed out above that out of three bores taken on a tirak patch 
one bore showed abnormal amounts of total salts, while the remaining two 
bores contained slightly more than the normal quantities of these salts. The 
total soluble salts were found to vary from 0- 1 to ()• 15 per cent in all the 
layers of the soil. When these soil samples were further analysed, it was found 
that, even though tlie total salts were not abnormally high, there were present 
larger amounts of soluble sodium than calcium (Table X). 


Table X 

Solnhle sodium and calcium, in soils with medium and low salinity in the subsoil 

{per cent) 


Depth ft. 

Total 

soluble 

salts 

Soluble 

sodium 

Soluble 

ealeium 

Total 
sol able 
salts 

Soluble 

1 sodium 

' 

1 Soluble 
calcium 

1st 

0-079 

0 -003 

0 -007 

0 -078 

0 *003 

0 -007 

2nd 

0-073 

0 -003 

0 007 

0 -066 

0*003 

0 *006 

3rd 

0 -074 

0 -004 

0 -008 i 

0 -054 

0-004 

0 -005 

4th 

0 ‘096 

S 0-010 

0 -006 ■ 

0-060 

0 -008 : 

1 0 -004 

6th 

0-110 

0-016 

0 -008 

0-060 

O-OlO 

0-006 

6th 

0-106 

I 

0-018 

0 -007 

0 -072 1 

! 

0-013 

0-006 
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Thus, it was found that in between the soils which had a high and abnormal 
salinity in the subsoil, soils with low or medium salinity were also present. The 
term salinity is used here and hereafter to indicate that the suh*soil contained 
more of soluble sodium salts than calcium salts or more of exchangeable 
sodium than exchangeable calcium, i.e. for soils which have a low sodium/ 
calcium ratio as contrasted with a high sodium/calcium ratio in normal 
soils (without salinity). In a tirah patch one may not come across 
a subsoil which is highly saline over the wdiole area and some bores may show 
a subsoil w^hich has a low salinity or no salinity at all. The cotton plants 
that were seen on such fields or patches were affected in their growth and 
opening of the bolls according to the nature of the subsoil. It was found that 
tirak and normal plants occurred irregularly distributed in such fields or 
patches whenever cotton v\as grown. It was also found that the total area 
under tirak plants increased in such fields or patches during years of un- 
favourable weather conditions. The tirak in such years was found to spread 
to soils where the subsoil was of a medium salinity. Tirak was found to be 
present in parts of a field, in the cotton season of 1939, where it was not ob- 
served before. An entire field may have subsoil with a medium or low 
salinity and in such fields tirak appeared in some years but in other years the 
crop was found to be normal. On such soils the equilibrium of the crop with 
the soil could be upset l)y warm and dry weather or by inadequate water 
supply. Any dne of these factors can tip the scales ofl’ the normal condition 
and tirak condition would result. 

The salt tolerance of a plant is known to be affected by temperature. Ahi 
and Powers [ 1938] have slvown that salt tolerance of certain grasses and legumes 
increased at low' temperatures and decreased at high temperatures. It is 
therefore probable that when the temperatures are high the salt tolerance is 
decreased and the subsoil of a medium or low salinity may during that period 
affect adversely the root systems of the cotton plants and cause tirak on such 
soils. 

Joseph [1925] working on the soils in Sudan has also reported the presence 
of high concentrations of alkali salts in the 3rd and the 4th foot. The con- 
centration of alkali salts w'hi('h according to him. consisted mostly of sul])hates 
and carbonates in these layers was about 0-3-0 -4 per cent ; while in the 1st 
and the 2nd foot it was less tlian 0* 1 per cent. The main differences bet- 
ween the soils in Sudan and the soils in the Punjab are in their clay contents, 
the alkalinity and chlorides. The clay content in Sudan soils is about 55 per 
cent and the y/H is about 9*3. Tlie chlorides, on the other hand, are lower in the 
Sudan than in the Punjab soils. The same author tried to show that salt 
contents w^ere inversely related to .yields, but an exami nation of his results 
did not justify that conclusion. Some of his high-yield plots showed high 
percentage of salts, while some low-yield plots showed low' percentage of 
salts It is therefore likely that the soils in Sudan are as heterogeneous as they 
are here and soils with low^ and high salinity are intermixed as they are in the 
Punjab. 

The development of tirak on soils with saline subsoil was also found to 
depend on other soil conditions, the most important being the physical texture 
of the soil. A medium salinity in the subsoil was enough t^' produce tirak on 
lands which were light sandy, while tirak did not occur under similar condition 
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if the Hoil was RJindy loam with a higher percentage of clay and silt except 
under abnormal conditions of weather or water supply. Higli salinity in the 
subsoil in a light sandy soil produced tl^e worst form of iirak as the toxic effect 
of Bodiuin on the roots was very high luuler such conditions. In light sandy 
soils smaller amounts of sodium either in the soluble or exchangeaj[)le form w as 
found to produce a tiraJ: crop, while in lieavier types of soils tirak did not 
occur under similar c(vnditions. 

Similar observations have also been made by Uc»rris [1920], Headley, 
Curtis and Scoiield [1919], Harris and Pittman |1918] and Kearney and 
Scofield [1936]. Kearney and Scofield [1930] found 0*2 per cent of total salts 
toxic to alfalfa in samly soils, while larger amounts were needed to produce 
toxic effects in loamy soils. 

The toxic effect of sodium salts would also dej)ond on the nature of the 
s(jdium salt present. Generally sul|)hatcs, chlorides and biearbonates of so- 
dium w^ere found to be ))rescnt , but the relative pro|)ortion of each was found 
to vary in different soils. The chlorides are knowui to be more toxic in their 
effects than sulphat/es and bic^arbonates, and therefore the adverse effect on 
the crop produced by tliese salt s w^ould depend on the relative amounts of these 
salts present and their total quantity. 

There is a definite indication in the work done on the effen^t of alkali salts 
on the growth of ))lants that (*hloridos are more toxic than sul|)hates or bicarbo- 
nates. It is pointed out by Harris 11915] that tire acid radicals, i.e. the anions, 
determine the toxicity of alkali salts and not the cations, and the chloride ion 
has beeir found to bo most toxic* amougst anions, while the sodium was the 
most toxic amongst cations. He has shown that toxicity oi' sodium (chloride 
was highest amongst the soluble salts in the soil. Voeleker l i91fi] has also 
found that sodium chloride was most toxic il‘ present in concentrations of 
0*2 percent, i.e. 2} tons per acre. 

It is also known that limit for* toxicity for diffei*eut sodium salts for a plant 
is different. Hilgard | IbOB] has determined the range at which each sodium 
salt proves toxic. jThey are 0* l-0’2r> per cent for carbonate 0*3-0* 5 per 
cent for chloride and 0*5-1 *0 per (*ent for sulphate. Hibbard [1900] has 
shown tliat nruch smaller amounts than those may prove injurious to some 
j)lants, but there is an agreement tliat sodium sulphate and sodium bicarbonate 
are less injurious than sodium chloride and sodium carlxmatc. 

The analysis of the w ater extract from the tirak patches showed that chlo- 
rides w^ere always high in the subsoil oi tirak patcl\cs, while they were always 
very low^ in the subsoil from normal patches. In normal soils tlic soluble salts 
consist mostly of biearbonates wliich arc salts of calcium and not of sodium. 
As sodium carbonate wais generally absent in tirak soils, tlie toxic effect on the 
cotton ])Iant might be due mainly to sodium cliloride as sodium sulfihate and 
bicarbonate w^ere known to be the least toxic sodium salts. It wall be shown 
in a later contribution that sodium chloride has been found to be more toxic to 
cotton than either sodium bicarbonate or sodium sulphate. 

The presence of salinity in the subsoil wars found to de[)end under irrigated 
conditions on the depth of the soil crust, i.e. on the depth at whicli sand layer 
was present. In some cases it was noticed that, while tlie upper 0 feet contained 
normal amounts of total soluble salts, high concentrations of total soluble salts 
were found to be present at greater depths than 6 feet. The mechanical 
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analysis of the soil revealed that the percentage of sand increased from the 7th 
foot downwards. It appeared that though soluble sodium salts were present 
in the upper soil crust, irrigations washed them down gradually to lower 
layers of sand. The presence of sand prevented the salts from rising up again 
and the salfe got gi'adually washed down to the sand layei*. The analysis of 
such a soil is given in Table XT. 

Table XT 

Field showing the accumulation of salinity at the lower sandy depths 


! 


Depth in ft. 

Sand 
per cent 

Tocal 
«olul)le 
solids 
per cent 

(gm-) 

Soluble 
Na (nig. 
per 100 

gm-) 

Soluble 
Ca (mg. 
per 100 

gm-) 

Exchange- 
able Na 
-f K in m.e. 

Exchange- 
able Ca 
in m.e. 

1st 

60 

0 

•0471 

11 

•1 

7 

•5 

2 

•4 

8 

•0 

2nd 

48 

0 

•0465 

9 

•4 

7 

•1 

1 

•8* 

9 

•0 

3rd 

44 

0 

•051 1 

8 

•1 

7 

•9 

1 

•6 

7 

•4 

4th 

36 

0 

•0550 

12 

•0 

5 

•0 

1 

•4 

6 

•4 

6th 

46 


^0791 

12 

•0 

5 

•4 

1 

•8 

2 

•8 

6th 

1 64 

0 

•0621 

11 

•3 

4 

•6 

0 

•4 

? 

•8 

7th 

63 


•1296 

24 

•6 

4 

•0 

0 

•6 

2 

•8 

8th 

68 ; 

0 

•1516 

33 

•2 i 

i 

4 

•8 

9 

•8 1 

1 3 

•4 

9th 

80 

0 

•1601 

36 

■6 1 

6 

•2 

0 

•7 


•4 

10th 

89 

0 

•1146 ( 

j 

19 

•6 j 

4 

•6 

0 

•5 

3 

•2 

nth 

87 

0 

■0796 1 

11 

1 

•8 1 

3 

•4 

0 

•4 

i 2 

•4 


The results showed that the percentage of sand rose to 63 in the 7th foot 
and it began increasing downwards from that layer. The total soluble salts 
were higher in the lower layers of sand than in the upper layers of the soil crust. 
Even though the total soluble salts in the soil crust were normal, soluble 
sodium was present in larger amounts than calcium in these upper layers of 
the soil. The ratio of exchangeable sodium to calcium was also low indicating 
that while the salts were washed down base exchange had occurred and sodium 
clay was produced. Worst form of tirak was observed in this field in 1938. 
The soil samples were collected from different spots in this area and one bore 
showed high concentrations of the soluble salts in the first 6 feet, indicating 
that sodium salts were not washed down by irrigations in some portions of the 
field. 

It should be clear from above that the relations between salinity in the 
subsoil and tirak were complex and a study of the crop was necessary along with 
the study of the soil conditions. This relationship between salinity and tirak 
was correctly visualized after a great amount of detailed work both in the labo- 
ratory and the field. The heterogeneity of the soil in the same portion of a 



in] FAILURE OP THE PUNJAB- AMERICAN COTTONS TN THE PUNJAB, V 487 

tirah patch had added to the difficulty aa all the bores from a patch did not 
indicate the same degree of salinity in the subsoil. It is therefore necessary 
that soil samples must be taken while the crop is standing, otherwise very 
great confusion may arise on account of the heterogeneity of the soil. 

Soils with nitrogen deficiency 

The soils where the crops showed symptoms of nitrogen starvation and poor 
opening of the bolls were found to be light sandy soils containing a large 
proportion of sand varying from 55 to 70 per cent. The symptoms exhibited , 
by the plants that suffered from tirak on soils with saline subsoils resembled 
in many ways the symptoms that developed in the plants that suffered from 
lack of nitrogen at the flowering stage and cro])s winch suffered from tirak 
due to nitrogen deficiency could not be distinguislied in the early stages of this 
investigation from the crops which suffered from tirak on soils with saline sub- 
soil. It was also found that in some fields crops suffered from tirak due to 
both the causes. 

The soils where nitrogen deficiency occurs are normal soils containing 
normal amounts of soluble salts which are mostly salts of calcium, while the 
amount of sodium either in soluble or in exchangeable form is nil or negligible 
(Table XII). The plants make normal growth till August when the leaves 
begin to turn yellow and are shed. The bolls are few arid small containing 
small seeds, (generally the seeds are lighter in weight than normal. Applica- 
tion of sulphate of ammonia to such soils was found to remedy tirak. The 
relation between nitrogen deficiency and bad opening of the bolls has already 
been described in a previous contribution [Dastur, 1941], 

Table XII 

Physical and chemical properties of light sandy soils with nitrogen deficiency 


(Per 100 gm. of soil) 


Depth 

in 

ft. 

Clay 

(per 

cent) 

Silt 

(per 

cent) 

Sand 

(per 

cent) 

Total 

soluble 

salts 

(per 

cent) 

Exchangf'- 
abU^ Na-f 
K (m.e.) 

Exchange- 
able Ca 

(m.e.) 

Sol. 

Na (per 
cent) 

Sol. 

Ca (per 
cent) 

1st 

11 

13 

76 

0-077 

0-8 

6-8 

0 -002 

0 -006 

2nd 

13 

18 

65 

0-066 i 

0-4 

8-6 

Nil 

0 006 

3rd 

14 

20 

62 

0 -060 

1 0-8 

8-6 

Nil 

0 -007 

4th 

15 

24 

63 

0-080 

0 -6 

8-0 

Nil 

0-008 


13 

21 

58 

0 -060 

0-4 

5-0 

0 -001 

0-007 

6th 

10 

19 

62 

0 -060 

Nil 

1 

j 3-8 

0-002 

0-006 



488 


THE rNDlAN .lOHHJvJAL OF AGUICIU;JT3I:A1. SCIENCE 


[XU 


It was found that fields witli sindi light sandy soils delieient in nitrogen 
contained patches wliicli had sodium (‘lay in tlu^ subsoil, in some cases the 
soluble salts though nornial in (|uajitities (*oi)tain<‘d more of sodium salts than 
of calcium salts. Such patches t»f saline subsoil we re i’omid irnyularly scat- 
tered about in light sandy fields with a, dcticiem y of {litrogen. At one })lace 
a big or a small patch was found to contain sodium olay or higla^r amounts of 
s(diible sodium salts in the subsoil, while in soil surnumding siu'h a pat(*h may 
have normal subsoil. Such intermingling oi' normal soil (ligld sandy) with 
soil with sodium clay in the subsoil or with abnormal amounts oj* sodium 
salts ill the sulisoil witliin a small area was fomul to or(an‘. Hic dcdaikal study 
of the crop, the analysis ol th(*soil uiulcrruaith, the’ <‘ric<‘t of tlie a ppllc'ation of 
aminonium sulfdiate on the plants’ growtli, tlu' olu inioal analysis of th(^ leaves 
and the tannin tost on the leaves (liselosed the nrOiiri' ot tlu^ soil conditions 
that were associated with finth duo to salinity in om^ ciise and due to nitrogen 
starvation in the oibeic 'flio suiphateol' ammonia Wess tound to firodiue 
beneficial etleet on tla^ v(\irct.ative gTowth ot (he plant'^ f)ut \v;is not iduiul b) 
have ameliorative effec t on the o]>(‘ning otllic bolls w hen t he' subsoil contained 
sodium clay or sodium salts in largm* proportions than <‘al(*inm s;dts. 

From what lias been stMtet! above it is nt (\-s,'s;n y 1o diatingnisb firnlk oi- 
bad opening that o(‘(*ars (ui soils witli saliiH* sidrsoil trom- lirak caused by the 
deficiency of nitrogein It is now possible, l>y (axanvijsing tlu^ ( roj) in t he fruit' 
ing stage, to know pretty exactly if the sym[)toms ot (inih' wore eausc^l )>y a 
deficiency of nitrog(3n in the soil or not . dlu application ot t aiinin test was 
another rapid method of knowing the dc^heicnev ot niirogcm as (explained in a 
previous eontrilu.ition [Dastur, 1941]. Similarly hie:h concentrations of sodium 
salts in the subsoil could be known l)y lla; drooping i(‘;i\ (NS of tlic (a'op on sneli 
soils. The drooiiing of the leav(?s occairred a. wer t a (ter ii i igalioii, and in such 
cases the leaves did not assume normal position in 1 he evening or in t he morning. 
The leaves turned black green and were gradiiail v shcaj. 

The term /mifc w\hicl) is in common use in tlic 1 bin jab to denote', (lie condi'- 
tion of the Amcriean cotton crop on the two soil typ(‘s is rctaincal here even 
though it is not scieniilically correct to do so. There aio sonui diflcrcnc'c's in 
the symptoms, as well as in t he natirre <>1’ ph\>iol()gi' al (list url>ances luodiund 
within the plants, under the two typers ol' soils, but t!ies(“ soil conditions are 
so mixed up together cv(m in small areas t hat- it is deenu'd dcsiraJijc' to difi'enm' 
tiate the two soil conditions without dilTcreiitiating //m/ . 


JdiSiaissioN 

It is cjniie clear from alcove that mere (?oll<a'1ion ol soil Nain[des and ana- 
lysing them waculd not giv(3 any ehie to tlie a i cove established r(dationsIiif)S. 
It is not enough to be told by a zemindar that tiniL' had oecuned in such a 
field. On account of the gr(‘,at lK‘t(vn>gcn(vity that existed in the soil, it was 
absolutely necesKsary to mak(c sure of the ('xacd. .s()ols wIku'c (Irak had occurred. 
It was neeessaTy to take a number of bores (wen alter the spot was lo(‘afed as 
the salinity in the subsoil \vas very variable. Many a titiH3 crops wdiicli are 
inadequately irrigated also showed shedding. of leaves and badly opened bolls. 
They shouW not bo mistaluvn for tirak it oeciirred under saline conditions, 
Jjack of cultivation may also produ(ie badly opened crop, 
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It was also noticed tliat light sandy soils deficient in nitrogen 0(*curred at 
one end of a liia^ oi 2 acres, w hile soils with a very liea vy and saline subsoil 
occurred at the other end. In one squau* of land (i.o. 2 o acres) all tyfies of 
soil conditions may be found. It is tliis intermingling^; of normal and Hrak 
soils in a small area lliat liad so IVir obscured the soil c'onditions associated with 
iirak. In a year of lave ura hie season, the cotton croj) iji a, field may sliow tirdk 
only on patclies ^v'hich liave a. highly sajino subsoil, u liile the crop may 1)0 nor- 
mal in the remaining |)arls of the field. ( donseapient ly linik is not readily 
noticeable though it is tlume. I>ut lirak iK'comcs noliccaJjlc w lien adverse 
weather conditions (*,ausc ilrak to spread on the ])orti()us oftlio ticlds w here a 
medium or low salinity exists in the sni)Soil. If the soil sani jales are taken in 
such a year, it is {)ossible tlio analysis may only sliow low; saJijiity in the subsoil 
and a conclusion n ay he draw n that tliere w as nothiigg al)norn)al. 

The heterogeneity of the soil conditions in a smaJl area w ould render the 
practical a})plication of any remedial measur{‘, t o such soils a, difficult task.. As 
for instance, heavy' itTigra-tions (-jin wa.sh iho salts downwards from the fec'ding 
zones of the roots l)ut t/Jiat remedy can only be a|)]>lied if a square of land is 
found to be uniformly saline underneath. In tlie same S((iiare, normal land, 
light sandy land, laaid with low . niediun^ and lugh salinity and \vitJi the ])re- 
sence of sand la.yer at varying^; de})ths may be tbund. Ilea.v v irrigations or rice 
cultivation wall tlua’efoT’o prodii(‘C varying (vlfecds on difrerent soil types. 
Tliey wall w'asli dow n the salts at sonie places but t hey ill also wa,sb dow n the 
im})ortant nutrients i\.t ollua* places, i-cmdering the sr)il iidcrtilc. Tins has 
actually happened on ligld sandy soils under nornial conditions of‘ cro|>ping 
and irrigation. Similarly, thc^ applicati))ns of sulphale ot* ammonia to a field 
may give varying responsox varying aci'ording to the nature of tlic suI)soil. 
The crop Avonld };»e benetitted at placets wliere the soil liglit and sandy and 
non-saline, l)Ut no Ixmefif would be derived it the soil is sandy loam w ith saline 
subsoil. Sulphate of ammonia will a-meliorate lind: on light sandy soils 
wdth a normal sn))soil Imt w ill not do so in ])arts of t lie f!(;ld where tJiere are 
sodium salts in the subsoil. 

The lioterogymeity of soil renders difficadt- the task of st iid\ ing; t he effectB 
of various inannrial treat nicmts on cotton under field condif ions. [{ ha.s lieen 
the experience (d' the Agricult ural Departauemt t hat nitrogenous maimrcs gave 
high response's in one' vc'aa' or in one field and low and no i(‘S{)onses in another 
year or in another iicid. Ifbc reasons lor such varying results obtained could 
now^ be understood. 

The jrrimary caaise of this physiedogicsil disordir or disra.se named as 
tirak may 1 )(^ traced to sandy nature of t he cotton t rai ts in the Punjab. The 
toxic effect exerted on tfu' roots of cotton plants f >y t in* le vels o! coiu*ent-rafions 
of sodium salts given al)ov(; would be much less it tiu* rla.y contents were high. 
The sandy nature of tlie soil also ])romot es very gt>od root grow t h /nid conse- 
quently shoot groAvth of the plant in tjie tirsl thrix' mouths of the plant^s 
life, and they therefore later siiffer cither from nilrogcMi slarv.ition or a water 
deficit. The experimental evidence to support this view w ill 1)0 described in 
another contribution on tlie subject. 

It may be argued that tlm' association of a ceiTain soil condition like salinity 
with tirak w^oiild not mean that this soil condition w ?t'S tin cause of tirak. 
The following reasons ai-e put forward to su})port the view tliat the presence 
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of salinity in the subsoil was causing the phenomenon of tirak in the American 
cotton plants : — 

1. The toxic effects of sodium salts, especially sodium chloride and sodium 
carbonate, on the growth of plants both wild and cultivated are too well known. 

2. Sodium salts were not found to be present in the subsoils where tirak 
did not occur under any condition of weather and under normal conditions of 
irrigation. 

■ 3. The cotton plants do not grow on soils where the alkali salts are present 
on the surface. 

4. It has been possible to reproduce tirak as it occurred in nature by 
artificial applications of sodium salts to the soil where there was originally no 
salinity in the subsoil. These experiments on artificial reproduction of tirak 
in fields with normal lands will be described in another contribution. 

f). It is now established that the plants on soils with a highly saline sub- 
soil suffer from a disturbance in their w'ater supply at the reproductive stage 
when the total leaf area has reached its maximum point. This disturbance in 
the w ater balance is found to be partially removed by heavy or frequent irri- 
gations in September-October or by reducing the leaf area of the plant by taking 
recourse to sowing cottons a month later than the normal time, on such soils. 
These experiments will be described in another paper. 

So far attempts have been made to establish the relation of salinity in the 
sub.soil w ith the symptoms of tirak or bad opening of bolls in the American 
cotton plants as tiiat has been the main object of this investigation. I’hese 
findings, liowever, raise the important and fundamental question of the origin 
of salinity in the Punjab soils and of the causes that may be responsible for 
salinization to occur at one place and not at another place in the same field 
or in the same square. Nothing is knowhi about this process of salinization as 
it has occurred in tlie Punjab soils. It is not understood whether salinization 
is an up-grade process or a down-grade process and whether the change is 
from the saline to the non-saline condition or from the non-saline to the saline 
condition. Tt is not known whether the sodium salts were present in the soil 
crust when it was formed or whether they have been produced by weathering 
or chemical changes brought about under irrigation. It is needless to emj)ha- 
size the urgency and importance of this knowledge from academic as well as 
practical point of view. 


Summary 

Tirak or bad opening of the bolls in the Punjab-American cottons is found 
to occur on two types of soils and the physical and chemical properties of tliese 
soils have been investigated along with the properties of the soils where 
nortnal crop grows. 

The soils where tirak occurs are found to contain abnormal amounts of 
sodium salts (()• 2 per center more) in the subsoil from the 3rd or the 4th 
foot downwards. Sodium in the soluble or exchangeable form is found to be 
higher tliau calcium. Such soils are found located in an entire field or in por- 
tions of the Held, Such tirak patches are found surrounded bv normaj 
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(non-Baline) mih. Tirak is fouiHl to occur in such patches every tinie cotton 
is grown there. 

If the quantity of total salts is not high but rnediuni varying from 0 • 1 to 
0*15 per cent, iirak does not appear under favourable conditions of weather 
and under adequate water supply, but it is developed on such spots in years of 
dry and warm weather or in absence of adequate water supply. The physical 
texture of the soil, the sodium /calcium ratio and the relative amounts of 
different sodium salts present are important soil factors that increase or de- 
crease the intensity of tirak. 

Another soil type where tirak occurs is the light sandy land which produces 
a deficiency of nitrogen in the plant at the flowering stage. These soils are 
otherwise normal and tirak can be ameliorated by the application of sulphate 
of ammonia [Dastur, 11)41]. 

The soils with high, medium or low salinity in the subsoil are found inter- 
mingled in the same area. Adverse weatlier conditions in a certain year bring 
about a wider spread of tirak in a field in that year than in a year of normal or 
favourable weather. 

The light sandj^ soils may contain normal (non-saline) subsoils or may also 
contain subsoils with sodium salts or with low sodium /calcium ratio in ex- 
changeable form. If the soil is light sandy with salinity in the sul)S()il, tirak 
occurs in the most intense form. 

All these soil types may be found in the same square (25 acres). One end 
of a field may have light sandy soil, while the other may have sandy loam with 
salinity in the soil. The relationsliip of these soil conditions with tirak were 
establislied from a sturly of (1) the growth of the crop in small plots, (2) results 
of detailed analysis of the soil underneath nonual and iirak crops, (3) results 
of mineral analysis of the leaves, (4) the rcwsponse to the ap])lioation of siilj)hate 
of ammonia and (5) the tannin test. 

Handy loams wit h a saline subsoil did not res})ond to {applications of sul- 
phate of ammonia, m bile a light sandy soil without saliiuty gave a higli res- 
porise to this fertilizer. 

Various suggestions .are made regarding the methods a(' 0 ])ted to eslal>lish 
this relationshi}) between soil conditions and tirak for the guidance of future 
workers. 

Experiiuentiil evidence to su])j)ort the view tlurt salinity in the soil is the 
cause of tirak on such soils will be pul)lished in another l ontributioii. 
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EFFECT OF TEMPER ATITEE AND TIME ON DRY 
WEIGHT IH'Ti.RMINATJON OF MANGO PULP 

BY 

S. M. M.Sc., Ph.D. (Lond.), P.T.C. 

AND 

K. M. HEN, M.Hc. 

i>(‘paHwnii ({f Bolany, (Calcutta University 
(I v<*cciv^ <l ior piihlionLion on 5 AvigURl) 1041) 

(WiUi two ioxt-figurea) 

D ETETvMINATION oi' 1(4;i.l dry weight in fniitB containing a large 
amount of hotJi siigaiv. and wa-ter is beset with considerable difficulties. 
It lias lieen sliown by Avcldiold | H)jr> ; 1928] that the usual method of 
estimating dry weight liy drving at loo'CJ. does not give a constant weight 
for a])])lo iiulp even aJter pi*o1ong(‘d lieafing, bccarisc at this temperature 
(leeomjiosilion of sugar aiai lilfCraJion ol‘ volatile compounds arc the possible 
sources ol’ error in having S; eonslant value. Further, it has been shown 
by her tlia4 the sum (»(' sugar, acid and alcohol-insoluble material is greater 
tlian the tobd dry \v('ight obtained, wlrich suggests that this method of dry 
weight determination in ‘'.|>|)l(‘s is not seJ istactory. Slie has suggested that 
drying in vacuo a.t room 1eni;)erat ure for three weel>:s or drying at 50^0. at 
atmospheric; pressure is bi- I suited foi* routine work. l>ut the temperature 
and Hk* t ime of di*ying i.'- rcijuiiTd to bc^ dedermined for the tissue and drying 
ap])aratiis in use. In view of this tJu^ behaviour of dry weights of mango 
])u]]) w'itli rise in tem])( r;U urc^ and witii duredion of heating was studied, 
and the residts are prcvumtc'd in this {)a|jer. 

]\ian;;i')es (variety Fez/Ji) were eoIle(;ted trom a single healthy tree in an 
orchard at Malda. Aftc!* peeling of the skin, yiul]) from the middle portion 
of the mesoearp was cut into thin slices. The slices from different fruits 
Avere tliorongldy mixed up a-nd fixed in warm alcohol (95 per cent). Soxhlet 
extractor was then used for separating the alcohol solidik' and insoluble 
materials. The initial dry weights of the alcoliol insoluble residue were 
obtained by drying over* |)]u)s|)horns penloxide to a constant weight at the 
laboratory temperiiture and of the ahjohol soluble material by first removing 
alcohol in vacuum distillation and then drying it over ijliospliorus pentoxide. 
Then the materials Av ere dried for 24 hours at each of the fiA e different tem- 
peratures in succession, namely 31 'C. (room temjierature), and gas oven 
temperatures of 50^(k, 7<V'C., 9()‘^C., and lOO^^C. Next the effect of prolonging 
the time of drying at riibtb wus inAmstigated. Initial dry AAcight of both 
alcohol soluble anil insolubli* jiortions Avere obtained by drying over phos- 
phorus pentoxide as hefore, then the successive periods of 24 hours drying were 
done at rAUG. 
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Table I 


Effect of temperature on dry weight 
(Besixlts exprenflcd aa percentage of fresh weight) 




Material 

Difference 

Sample 

Tempera- 






ture 

Alcohol- 

Alcohol- 

Alcohol- 

Alcohol- 


rc .) 

soluble 

insoluble 

soluble 

insoluble 

I . . . 

31 

9-770 

2 -320 



Green mango 

(room tem- 
perature) 

9*253 

i 

0*617 

0-009 

60 

2-311 

0-677 

0-032 




70 

8 *676 

2-279 

1-110 

0-017 


90 

7 -666 1 

2-262 

0-390 

0-002 


100 

7-176 

2-260 




(for 8 hours) 



1 


II . . . 

31 

16-130 

5-027 


1 

(room tem- 
perature) 

16-310 

4 -996 

0 *820 

0-031 


Ripe mango 

60 

0-600 

0-113 




70 

14-710 

4 -883 1 

0*734 

0*000 


90 

13 -976 

4*883 

0-640 

0-003 


100 

i 

13 -436 

4-880 




Table I and Fig. 1 show that the dry weight of alcohol-soluble 
material markedly faUs with rise in temperature in both green and ripe 
mangoes, while the loss in alcohol-insoluble material is insignificant. The 
rate of fall in alcohol-soluble material of the green mango rises with tempera- 
ture except at 100°C. drying where the faJl is comparatively small and this is 
due to the fact that drying at this temperature was continued only for eight 
hours and also difference in temperature was 10°C. instead of 20°C. With 
24 hours drying at 100°C. we might expect a greater loss. The data presented 
in Table II and Fig. 2 show a parallel behaviour of two samples with diflferent 
periods of drying. It will be evident that the total loss in alcohol-insoluble 
material at 50°C. drying for 120 hours is negligible. Hence drying at 60°C. 
for 24 hours at atmospheric pressure may be safely used for dry weight deter- 
mination of alcohol-insoluble materials. In the case of alcohol-soluble material 
the loss after 24 hours’ drying at 60°C. is greatest, and then a steady rate 
of loss is obtained till the total time of drying is 72 hours, after which the 
rate slows down. This steady rate of loss at this temperature is interesting 
to note. If simple dehydration was occurring, the rate of loss would continue 
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to diminish. It must be due to a reason other than dehydration. The same 
phenomenon has been noted by An^hbold in apples, where a steady fall takes 
place from 36 to 130 hours drying. She suggested that the juice possibly 
contains a volatile constituent of high density, which was removed during the 
drying process. In a later year a velatile polyhydric alcohol, sorbitol, was 
isolated by Tutin [1925] in apples, and recently in pears by Kidd, West, 
Griffith and Potter [1940]. Since in mangoes the temijeratulre effect in losing 
dry weight of alcohol soluble material has been noted, an attempt v as made 
to isolate sorbitol in the form of an insoluble benzal compound by a method 
suggested by Kidd, West, Griffith and Potter. Although sorbitol was not 
detected, the presence of some other polyhydric alcohol was presumed. The 
nature of this substance is not known, but attempts are being made to isolate 
it. An indirect evidence of the presence of it is the highly hygroscopic nature 
of the alcohol-soluble substance. While weighing even after drying at ordinary 
temperature the alcohol-soluble material was found to absorb water readily 
and the higher the temperature used for drying the greater was its hygrosco]>ic 
nature. 

Table II 

Effect of time of heating on. the loss of dry weight 


(Rc'RultB ( xpresfcod as pcTcentagc; of fiesh weight) 


Sample 

T('inpora- 

tiire 

(^c.) 

Time of 
drying 
in hrs. 

Material 

Difference? 

Alcohol- 

eolublo 

Alcohol- 

insoluble 

Alcolioh 

soluble 

1 Alcohol- 
j insoluble 

III 

31 


18*90 

2-164 


i 


(room tern- 




0*37 

0 -024 


perature) 








1—24 

18-63 

2*140 








0*11 

! 0 *008 



24—48 

18-42 

2*132 


I 


50 




on 

1 0 -000 



48—72 

18-31 

2-132 


1 






0*07 

1 0 *002 



72—96 

18-24 

2 -130 








0 *03 

0 *000 



96—120 

18-21 

2-130 



IV 

31 

.. 

16*65 

1 *760 




(room teni- 




0 -39 

0 -006 


peratuic) 








1—24 

16*26 

1 *744 








0*11 

0 *004 



24—48 i 

16*15 

1 *740 




50 




0*11 

0*000 



48—72 

16-04 

1-740 





1 



0*06 

0 -001 

j 


72—96 

16 *99 

1 -739 








0*03 ! 

J 0 *000 

i 


96—120 ' 

i 

16*96 

1*729 
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TV Sample 


0 Alcohol-soluble 
0 Alcohol-insoluble 


^ ^ 


III Sample 

^ ^ 




VI Sample 


Hot^rp- 2.A 


^3 


72 96 


120 


Fig. 2. Effect of time of heating on the loss of dry weight 
Prom this observation it appears that drying at 50^C. for 24 hours at 
atmospheric pressure is suitable for dry weight detennination of alcohol- 
soluble and insoluble portions of mango pulp. If temperatures higher than 
60 °C. are employed, there is the cjhance of loss of a eonslderalile portion of 
alcohol soluble material in the form of a volatile com])ound. 
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EIPENING CHANGES IN SOME. IMPORTANT VARIETIES 

OF GRAPES 

AY 

G. S. SIDDAPPA, M.A., Ph D.. A.I.C. 

Fruit Canning and Preserving Research Laboratory , Govcrnmenf Fruit Ex/peri- 

ment Station, Quetta 

(Received for publication on 9 Mjiy 194 1) 

(With four toxt-fjRures) 

I N any investigation of the quality of the final product winch is infiuenC' 
ed by the nature of the^raw material, it is dosLwible to correlate physico- 
chemical data, as far as is possible, with the (juality of tlie final product. 
In the drying of grapes and in the proiiaration of grape juice, for instanoe, 
it is important to determine the stage of maturity at which the gra|)es 
should be picked to give a high ijuality product. It was, therefore, thought 
desirable to make a preliminary biochemical study of th(^ ripening changes in 
two important varieties of grafies, namely, the Kislnnish and the Haitha, 

In a study of the relation of mat urity to yield and quality, in the case of 
Muscat grape used for drying under Californian conditions, Bioletti [1915] 
pointed out that grapes harvested immature yield not onl}^ a smalku’ total 
amount of dried product Imt also raisins of smaller size ami of [looi’cr colour 
and texture. According to Cniess 1 193S], although it is (‘ustomary io begin 
harvesting the Muscat gra|)o for dryiiig in California at aliout 21"^ Bal- 
ling, it is possible to delay luirvesting until the grapes have attained at least 
24-25*^ Balling. The red wine gra|)es to bo lilended with tlie Muscat 
should be gathered before full maturity in order that the juices may be of 
higher acidity. Petite Sirah, Alicante BoUvSchet, Barbcra and similar varie- 
ties are generally gathered at 18 to 20° Balling. Ni(;hols and Christie 
[1930], in a study of the deliydration of grapes in California, noticed that, in 
the case of Thompson grajie, the sugar content increased witli increase in Bal- 
ling degree of the juie^e, while moisture content and acid decreased. In the 
case of the Muscat grape, however, the sugar content of the raishis made no 
consistent increase with Balling degree of the juice, although the yield, acid 
and the weight per raisin showed trends in the same direction as those of the 
Thompsons. Although their results generally confirmed the conclusions drawn 
by Bioletti [1915], they pointed out that the differences in yield, observed in 
the case grapes from two different districts, rniglit be the result of more favour- 
able climate, soil or crop conditions, for those varieties. Similar results have 
been observed by the author in a critical investigation of the drying of the 
Kishmish and the Haitha grapes [Siddappa, 1941]. 

According to Winkler [1932], except for the work of Bioletti [1925]. little 
or no attempt appears to have been made to determine directly tho corrolal ion 
between the palatability — eating quality — of the analysed fruit and its chemicail 
yomponents such as sugars or acids. Their conclusion wns that tho Balling 
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hydrometer test m tlie simplest and the most reliable that can be used, parti- 
cularly in determining the degree of ripeness of grapes for the purpose of 
standardization. According to their data, the Emperor was good when it 
reached 1 9"^ Balling, the Thomspon seedless (Sultanina) when it reached 
18° Balling and the Malaga and Tokay, when they reached 21° Balling. 
It will be noticed that these standards are rather low for Kishmish and Haitha 
grapes, which should attain at least 23 and 20° Balling respectively, to 
be considered fit for table purposes. The degrees Balling indicated by Bioletti 
and Zion for the variotics named were not, however, accepted by the growers, 
presumably because they were considered to be too high. Winkler’s work 
further showed that the influence of differences in the seasonal temperatures 
on composition and palat al)i!ity w^as very similar to that of regional conditions. 
In cool season, the acidity wUvS relatively high in relation to Balling degree, 
and in hot seasons, it was relatively low, so that in^Jiot seasons, the fruit be- 
came palatable at a lower Balling degree than in (xjol seasons. By combining 
degree Balling and per cent acidity of the expressed juice in the form of a Bal- 
ling acid ratio, a highly satisfactory index of maturity was obtained. Table 
I gives Winkler’s standards of maturity for some important table grapes. 

Myers and Caldwell [1939], in a study of the pre[)arati(>n, by blending, 
of new types of unfermentod graj)e juices otlicr than Concord juice, give the 
chemical composition of forty-six importai^t varieties of grfi])es obtained from 
the grape variety collection of the United States I)c|)artment of Agriculture 
at Arlington Experiment Farm, Arlington, Virginia and tlio U. S. Horticultural 
Station, Beltsville, Maryland. Their data are, however, for the hot pressed 
juice obtained from grapes liarvesfod when judged to be full.y ripe, and do not 
deal with ripening changes. 

Material and methods 

The samples of grapes used in the present investigation were, unless 
otherwise stated, mostly obtained from the vineyard at the (fovernment 
Fruit Experiment Station, Quetta, although a few sainj)Jcs of varieties other 
than the Kishmish and the Haitha were obtained from vine yards situated in 
Gulistan, Pishin and otlKU* districts Avhich s|)ecialize in grape growing. At 
the Fruit Experiment Station, Hio Kishmish and the Haitha grape vines, 
from which the weekly samples were collected during the 1939 and 1940 
seasons, are grown by the cane system against wooden supports, although the 
local practi(^e is to grow them in tren(dies. In the case of these two imj>ortant 
varieties of grajies for which complete dat^a are given, rogardiug the changes in 
composition during their ripening, the sam]»les w^erc colleeted at intervals of 
about seven days, from the very early stages of the fruit set to almost the last 
stage of ripening, when the berries became yellow and showed signs of drying 
up or deterioration. 

Collection of samples 

Two vines of each of the two varieties of grapes wore marked off in the 
vineyard, and at intervals of about a week, in the early morning, one or two 
bunches were picked and brouglit immediately into the Laboratory for analysis. 
During the later stages of the ripening, when the graj>es were approaching the 
palatable stage, the bunches were covered with tlun inusUn bags to prevent 
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damage by insects. It may be mentioned that no attempt was made to collect 
weekly random samples for analysis from a large lot of grapes, although, in a 
few cases, the samples were collected at random from a large consignment of 
the grapes. The slight fluctuation in the data presented may, therefore, be 
attributed to the smallness of the samples taken for analysis. Although the 
work was done during three seasons, to study the seasonal variations, complete 
analytical data for the hist two seasons only are given in this paper. 

Table I 


A svf^esied standard of maiuriiy for table grapes 
(Aricr A. J. Winkler) 


Serial 

No. 

1 

i 

Variety | 

1 

i 

1 

M illinium 
de^ri'i' Balling 
r(?(|uir('incnt 

Balling acid 
ratios foi* 
fruit 
ii]) to 

Balling 

1 

Thom 1 moil’s Seedless . . . . . | 

17 

25 : 1 

2 

i 

Malaga 

17 

25 : 1 

3 

Ribior 

16 

25 : 1 

4 

OhaiU'z 

17 

30 : 1 

5 

Cornichon . . . . . . . | 

j 

17 

30 : 1 

6 

Muscat 

17 

30 : 1 

7 

Emperor . . . . . . . | 

17 

30 : 1 

8 

1 

Tokay . , . . . . . 1 

j 

17 

35 : 1 

9 

Olivette Blanche , , . . . 

* 17 

35 : 1 

10 

Molinera (Red Malaga). .... 

16 

35 : 1 

11 

Risii Balia . . . , . . . 1 

i 

16 

40 : 1 


Percentage of grapes in the hinch 

The weight of the bunch was recorded and the berries carefully separated 
from their pedicels or caps, count^ed, weighed to the nearest tentl) of a gram, 
and their weight expressed as a percentage of the total weight of the bunch. 
The percentage of stoins and caps was obtained by dillbrcnt^e. Any wide 
variation in the size of the berries, generally in the case of the Haitha grapes, 
was carefully recorded. 

Average weight of 100 grapes 

The weight of a grape is a definite index of its size and is easier to deter- 
mine md far more valuable for comparative purposes than its actual linear or 
volume m©«»swement. The importance of this type of determination in any 
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biochemical investigation of ripening changes in fmit and vegetables has been 
emphasised by Siddappa and Adam [1035] and Adam and Siddappa [1936], 
in their studies of the ripening of green peas. 

The chemical composition, calculated on the basis of analysis of a known 
number of units, is a far more valuable aid to the visualization of the actual 
changes that occur during the ripening of the unit, than mere percentages. 
In a few cases, the standard deviation of the mean for the weight of 100 grapes 
is also given. The standard deviation of the mean was calculated by using 

theformula| , in a series of six determinations, choosing at random 

100 grapes for each weighing. The weight of the grapes was determined soon 
after the collection of the day’s sample, in order to avoid any considerable 
variation in the weight, due to respiration, after detaching the bunch from the 
vine. 

Total solids 

The figures given under total solids are only comparative, since the deter- 
mination was carried out on the cold expressed juice, using a Brix hydrometer. 
As has been previously mentioned in this paper, the Balling or Brix degree of 
the juice is a valuable index in following up the changes during ripening in the 
case of the grapes. The Brix value of the juice gives, although not exactly, the 
percentage of total sugars in the juice, since grape juice contains mainly 
sugars together with only a small percentage of nitrogenous and other 
sul)stanoes, and mineral salts. According to Cruess [1934], however, in grax>e 
juice, the Brix or Balling value indicates the total amount of dissolved material 
in the juice, expressed as sugar, although about 2 to 3 per cent, in most cases, 
consists of things other than sugar, namely, cream of tartar, tartaric acid, 
protein, tannin, gums, mineral salts, etc. The Brix values given in this paper 
are corrected for any temperature difference at the time of their determina- 
tion. 

Yield of juice 

While following up the ripening changes, it is highly desirable to deter- 
mine the percentage of juice in the grapes. For this purpose, one hundred 
grams of berries were taken and placed in muslin cloth, about six inches square, 
previously moistened with juice from another lot of grapes under analysis, to 
prevent loss of yield due to absorption of the juice from the experimental lot. 
Water was not added to moisten the press cloth to avoid any likely dilution 
of the juice during pressing, as this juice was used for the determination of 
total solids, acidity, specific gravity, etc. The berries were crushed in the 
cloth, using a porcelain mortar, and the juice pressed by hand into a glass 
beaker. There was a certain amount of loss of juice due to spilling, adhesioi% 
etc, during the process of extraction and its extent, as determined by weighing 
the pomace from the pressing, was about 6 to 8 per cent, generally. The 
figures given for the percentage of yield of juice are, therefore, comparative 
only. The exact percentage of yield will, however, be slightly higher than 
those given under that head. In all the analyses, the estimation of the 3?ield 
of juice was carried out by the same individual, using, as far as w'as possible, 
the same standard procedure of extraction, to avoid any great variations due 
to personal factors, such as the amount of pressure used, n^ber of press- 
ings, etc, 
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Acidity 

The juice from the determination of the percentage yield was allowed to 
settle and the clear supernatant liquid taken for titration against standard 
alkali, using phenolphthalein as internal indicator. In all the acidity deter- 
minations, the settled juice was taken for titration, as the tannin in the fibre, 
etc., reacts with the alkali. In the case of coloured juices, where phenol- 
phthalein could not satisfactorily be employed as internal indicator, titration 
was finished using it as external indicator. The figures given for the per- 
centage acidity of the juice are as grams of tartaric acid in 100 c.c. of the 
juice. 

Specific gravity of the juice 

During the 1939 analyses, the specific gravity of the juice was determined 
by weighing accurately 20 c.c. of the juice whose temperature at the time of 
estimation was recorded. The figures given are not quite exact, as a pipette, 
instead of a specific gravity bottle, was used to take 20 c.c. of the juice for 
weighing. The same pipette was, however, used in all the determinations. 
Weighings were completed, as rapidly as possible, to avoid any wide variation 
in weight due to evaporation, etc. 

Brix-acid ratio 

The Brix-acid ratio is the ratio between the Brix reading of the juice and 
its percentage acidity, by volume, as tartaric acid. Although, as has been 
previously mentioned, the Brix value of the juice is a valuable index in the 
standardization of the grapes, the Brix-acid ratio ap}>ears to be a better index 
of maturity, as it combines the two important factors responsible for the so- 
called quality of the grapes. High class dessert grapes generally have a Brix- 
acid ratio which can be fixed fairly accurately for each variety. Grapes that 
are too rich in sugars or too low in acidity, or vice versa, are not generally con- 
sidered to be suitable for table purposes. 

Ripening changes in Kishmish grapes 

The results of analysis of Kishmish grapes throughout the ripening period 
are given in Tables III and IV. Fig. 1 shows the relation between the Brix 
values of the juice and the time of sampling, for the two seasons, namely 1939 
and 1940, while the curve for percentage acidity is for the 1939 season only. 
Fig. 2 shows the Brix-acid ratio in relation to the ripening time. The break 
in the curves indicates the stage at which the vine, from which the samples 
weie collected was changed. 

Effect of season 

It will be noticed that the analytical data for the 1939 season, which was 
a normal year, are more regular and consistent than those for the 1940 season 
which was marked by abrupt spells of very warm weather during the ripening 
period. The effect of these sudden changes in the weather is to shift the Brix 
curve for 1940, slightly above the corresponding curve for 1939, thus indicat- 
ing an increased photosynthetic activity and consequent accumulation of 
sugars during those spells of warm and bright weather. The fluctuation of the 
Brix curve for 1940, indicating the completion, at a very early stage, of the 
sigmoid curve typical of biologicftl growth, may be s^ttributed to these suddeu 
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bursts of warm weather during the early stages of ripening. The meteorologi- 
cal data for the months of July, August and September for 1939 and 1940 are 
given in Table II. The effect of season on the Brix value of the juice appears, 
therefore, as a shift in the Brix-time curve, warmer weather during the ripen- 
ing period leading to earlier maturity. In other words, the juice will attain, 
during a warm season, a given Brix value, earlier than in a normal season. 



10. ^o io 0 2,3 S 28 8 

JULY AUG. SEPT. OCT. 

Fia. 1. Brix and acidity changes in Kisiiinisii grapes 


Brix value 

The Brix-time curve for 1939 is a typical S-shajied one. Tlic Brix value 
of the juice increases steadily throughout the ripening period, reaching a maxi- 
mum only towards the final stage, when a slight tendency to fall off may be 
noticed. This may be due either to a slight fall in the sugars through resjnra- 
tion of the grapes, the vine no longer making up for this loss, or it may be due 
to a certain amount of flow of the solids of the juice back into the vine. The 
possibility of a slight dilution of the juice, leading to a fall in the Brix value, 
is, however, excluded, because there is actually a fall in the weight of the berry 
as a result of drying up. The utilization of the sugars and other constituents 
of the juice to build up the non-soluble tissues of the berry, which do not 
aipjpear in the Brix reading, is another possibility which cannot be ignored. 
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Fig, 2. Brix-acid ratio for Kishraish grapes 

Kishmish grapes are considered to be ‘ eating-ripe ’ when their juice attains 
a value of about 23-24° Brix, although, towards tlie end of the season, 
the juice may have a Brix value as high as 26-27°. There will be a certain 
amount of increase in the yield, if the grapes are allowed to attain tiiis degree 
of ripeness, but this increased yield will not be enough to offset the increased 
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prices prevailing during the earlier stages of the season. It, therefore, be- 
comes a first rate problem to reconcile between these two oppOTing factors of 
price and yield. The keeping quality of the crop is another immrtant con- 
sideration in any attempt to fix certain definite standards for the profitable 
harvesting of the grapes for table purposes. For drying, however, grapes 
should attain at least a Brix value of 23-24°, if the final dried p^od^ct is to be 
of excellent quality. 


Table II 
Meteorological data 


Date 

July 1989 

1 July 1940 

Aug. 1989 

Aug. 1940 

Sept. 1 039 

I Sept. 1940 


Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Mai(. 

Min. 

Max. 

Min. 

Blax. 

Min. 

1 

91 

66 

95 

59 

03 

56 

92 

66 

93 

56 

86 

47 

2 

91 

66 

96 

63 

92 

64 

01 

60 

94 

50 

86 

47 

3 

86 

62 

98 

66 

94 

59 

93 

66 

92 

48 

88 

49 

4 

89 

65 

97 

61 

94 

57 

91 

65 

92 

60 

89 

48 

5 

94 

64 

95 

66 

95 

63 

90 

64 

94 

53 

89 

47 

6 

94 

62 

95 

65 

95 

66 

91 

58 

93 

52 

89 

49 

7 

96 

61 

95 

56 

95 

59 

94 

66 

94 

60 

80 

49 

8 

95 

64 

95 

63 

88 

62 

95 

67 

02 

59 

89 

45 

» 

90 

56 

95 

68 

88 

63 

02 

60 

92 

57 

88 

51 

10 

92 

70 

95 

65 

90 

55 

84 

66 

00 

55 

86 

51 

11 

95 

71 

96 

71 

91 

52 

88 

54 

88 

57 

85 

58 

12 

96 

62 

96 

66 

94 

57 

84 

54 

84 

47 

78 

51 

13 

97 

60 

95 

68 

96 

63 

90 

59 

80 

44 

82 

46 

14 

98 

70 

96 

69 

95 

64 

88 

54 

79 

42 

84 

57 

15 

95 

70 

96 

68 

95 

65 

01 

67 


45 

84 

57 

16 

90 

61 

94 

68 

95 

63 

01 

68 

86 

45 

85 

47 

17 

90 

61 

94 

69 

92 

59 

83 

69 

87 

48 

86 

48 

18 

90 

68 

05 

63 

91 

65 

88 

69 

86 

51 

88 

47 

19 

93 

59 

96 

71 

69 

55 

87 

55 

86 

48 

88 

50 

20 

05 

62 

94 

72 

89 

60 

87 

64 

86 

45 

89 

47 

21 

94 

61 

91 

70 

91 

58 

89 

56 

87 

49 

88 

47 

22 

94 

59 

95 

65 

04 

55 

89 

59 

87 

40 

89 

47 

23 

95 1 

62 

95 

62 

04 

69 

88 

53 

85 

47 

86 

47 

24 

06 ! 

60 

90 

72 

05 

61 

1 87 

65 

83 

46 

86 

50 

25 

96 

50 

02 

69 

95 

69 

88 

56 

88 

41 

85 

66 

26 

97 

63 

92 

69 

95 

68 

90 

54 

1 88 

41 

82 

52 

27 

06 

66 

95 

69 

95 

67 

89 

50 

87 

39 

79 

47 

28 

92 

68 

92 

66 

96 

67 

88 

50 

88 

41 

81 

64 

29 

91 

58 

95 

65 

95 

64 

86 

51 

84 

40 

78 

52 

80 

91 

62 

96 

67 

95 

64 

89 

46 

88 

48 

77 

50 

81 

02 

61 

98 

63 

94 

57 

88 

47 


- 
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nlj 


Remarks 

♦Juice pressed by the labora- 
tory attendant, hence the 
variation 

Still unripe 

Greenish yellow berries, nearing 
eating ripe stage 

A different vine grown in a 
trench was chosen, as all the 
bunches had been removed 
from the first vine by mistake 
by the pickers 

Ripe 

Fully ripe 

Fully ripe 

Kandahar grape ; fully ripe and 
yellow 

Brix- 

acid 

ratio 

mi ^ ^ ^ 

»00 <O»OQO00|>.CD 

CO^^C:CS>QO 0>OS«DO 

r-li— 

Juice 

Acidity 

as 

tartaric 
(per cent) 

4-40 

4-29 

3-31 

2-32 

1-40 

0-97 

0-74 

0-57 

0-50 

0-44 

0-40 

0-57 

Total 

solids 

(•Brix) 

6*7 

8*6 

120 

151 

16*6 

19-2 

22-0 

220 

24-7 

26-2 

26-6 

28-7 

Yield 

of 

juice 

(per cent) 

* * 

OO 00t'l>l>0 oo© 

Ol-* ©0«5 

Average 
weight 
of 100 
grapes 
(gm.) 

<M 00 © O O 

<M 00 

^ o © © o ^ 

-H -H “fi -11 -il +1 

QO 00 lO CO O © 

*-<O0 O0Q0©©©CO 

Percent, 
age of 
grapes 
in the 
bunch 

00^ ©©'<t©QOt^ 00 

© »0 Tti »0 

00© ©©©©©© ©••• 

Weight 

of 

bunch 

(gm) 

r- « QO 00 (M »0 CM <M © O 

05^©©©CO CO*0<-H 

^ ^ .-iCICO<Mf-i<M (NfMCO- 

1 

Date 

^ to -P 

hj " <J GO O 

eojr.* 


tii 

1 

2 

3 

4 

5 

6 

7 

8 

' 

9 

10 

11 

12 
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Acidity 

The percentage of acidity falls regularly throughout the ripening period, 
the fall being rather steep during the early stages and almost flat towards the 
end. ‘ Eating ripe ’ Kishmish grapes have an acidity of about 0*4 to 0*5 
per cent, although in the early stages, when the l)erries are small, it may be as 
high as about 4*5 per cent. There is only a very slight fall in the acidity 
after the eating-ripe stage f>f ripeness has been reaclied. 

The Brix-acid ratio 

The Brix-acid ratio is a highly characteristic index of the quality of the 
grapes. It will be seen, fi*o)i) Tables III and IV> and Fig. 2, that it increases 
steadily throughout the ripening period, changing, during the 1939 season, 
from 1*5: 1 to nearly 7o : 1. The variation during the 1940 season was, 
however, from 2*5 : 1 to 43*8 : 1 only, the ripening changes having not been 
followed completely, as in the previous season. The curve for 1940 is less 
regular than that for 1939 due to sudden changes in the weather during ripen- 
ing. When the gi‘ai)es are at about the eating ripe stage, the ratio is in the 
neighbourhood of nearly 40 : 1 . Grapes having a ratio far below this are not 
quite fit for table piirjjoses, and those that have a ratio far above are generally 
over-rijie, and, although fit for eating, do not have long storage life. Tenta- 
tively, it may be stated, at this stage of our experience, that Kishmish grapes 
of good dessert quality should have a Brix-acid ratio of about 40 *. 1. It may 
be noted tliat^ this ratio Ibi' dessert quality Kishmish grapes is higher than that 
for most Californian gravies (Table I), probably because of their very high 
sugar content and coiiespondingly low acidity. Kislimish grapes from 
Kandahar tliat are usually sold at Quetta during the peak of the grape season 
have a Brix-acid ratio of about 50 : 1. They are generally richer both in 
sugars and in acidity than the ones from Quetta vineyards. The higher Brix 
reading of the Kandahar grape may be partly due to a slight drying up of tl\e 
berries during transit and storage, or it may be a function of factors due to 
variations in soil, climate or cultural practice. 

Percentage of berries in the hunch 

The percentage of grapes in the bunch increases as the ripening advances, 
but the change is small. Eating ripe bunches of Kishmish grapes contain 
about 95 per cent, by weight, of berries, the stems and caps forming about 5 
per cent of the total weiglit of the bunch. 

Yield of juice 

The yield of juice, as given in the tables, is what is obtained in small 
laboratory experiments ancj is comparative only. Under large scale trials, 
where the bunches are crushed in a grape crusher and pressed in basket presses, 
the yield of juice from ripe grapes may not exceed about 60 — 65 per cent, 
even after two or three pressings. With hydraulic pressure, it may, however, 
reach as high as 70 — 75 per cent by w^eight of the fresh grapes. 

Development of a single Kishmish berry 

It is highly interesting and instructive to trace the development of the 
various constituents in a single berry throughout the ripening period. The 
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results of analyses for the seasons 1939 and 1940 are given in Tables V and VZ. 
The total soluble solids in 100 grapes are calculated from the average weight 
of the berries, the percentage yield of juice and the Brix reading and are, there- 
fore, approximate only. The figures for the amount of acid are deduced in a 
similar manner. In Table V, however, the acidity has been corrected for 
the specific gravity of the juice, since the percentage of acidity as given in 
Table III is on a volume basis only. 

It will be noted that the average weight of the berry increases rapidly 
in the early stages of development and gradually towards the end. The total 
soluble solids increase in a similar manner, while the acidity decreases con- 
tinuously, although during 1939, a slight increase is noticed in the early stages. 
During the very early stages of ripening, the acids accumulate to a certain 
extent, but towards the last stages, they are readily used up in the synthesis of 
other constituents. 

The total soluble solids-acid ratio is the same as the Brix-acid ratio, 
discussed previously, although it is slightly higher, when the figures for the 
absolute acidity of the berry are corrected for the specific gravity of the juice. 
The difference between the two ratios increases with the increase in the specific 
gravity of the jmce and hence with advancing state of maturity. In the 
standardization of grapes, the Brix-acid ratio is, however, more direct and 
more easily deduced than the total soluble solids-acid ratio. 

Table V 


Development of Kishmish grapes {1939) 


Experi- 

ment 

No. 

Date 

Average 
weight 
of 100 
grapes 
(gm) 

Total 
soluble 
solids 
in 100 
grapes 
(gm.) 

Acid in 100 
grapes as 
tartaric, 
corrected 
for sp. gr. 
(gm) 

Total 

soluble 

solids-acid 

ratio 

1 

12 July 

41 *8 

1 -96 

1 26 

1 -56 

2 

17 „ . . 

58-8 

2-88 

1 -41 

2-04 

3 

24 . . 

68-5 

6-08 

1 -61 

3-78 

4 

31 „ . . 

78-3 

6-97 

1 -02 

6-83 

5 

7 Aug. 

106-0 

13 -06 

1 -06 

12-44 

c 1 

14 „ . . 

116 -0 

16-63 

0-79 

21 -05 

7 1 

21 . . 

130-0 

20 -79 

0-65 

32 -06 

8 

2 Sept. 

123 -0 

19-22 

0-46 

41 -78 

9 

6 „ . . 

111-3 

19-10 

0-36 

64-66 

10 

18 .. 

120-0 

22 -01 

0-33 

66-70 

11 

25 „ . . 

126-0 

• _... ,J 

24-84 

0-k 

1 73 -07 
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Table VI 

Development of Kkhmiah grapes ( 1940 ) 


Experi- 

ment 

No. 

Date 

Average 
weight 
of 100 
grapes 

(gm) 

Total 
soluble 
solids 
in 100 
grapes 
(gm.) 

Acid in 100 
grapes, as 
tartaric, 
(not 

corrected) 

(gin.) 

Total 

soluble 

solids-acid 

ratio 

1 

11 July 

60 0 

4-56 

1 -86 

2 -45 

2 

18 „ 

53 0 

3-67 

1 -48 

1 

2 -48 

3 

26 „ . . 

73 0 

8*27 

1 -38 i 

1 

5 99 

4 

2 Aug. 

98 0 

13-42 

1 -00 

13 -42 

5 

8 „ 

79-0 

10-91 

0 -67 

i 16-29 

6 

15 „ 

89-0 

13-46 

0-64 

21 -03 

1 

7 

24 „ . . 

82 -0 

13-11 

0-49 

26-75 

8 

28 „ . . 

114-0 

21 -79 

0-50 

43-58 


Ripening changes in Haitha grapes 

The results of analyses of Haitha grapes, during the 1939 and 1940 sea- 
sons, are given in Tables VII and VIII. It will be noticed that the data are 
more or less similar to those recorded in the case of Kishmish grapes, although 
a few minor changes can be seen in some of the items. Although the bunches 
are larger in size than those of the Kishmish, the percentage of berries is not 
far different. The average weight of a single ripe berry may be as high as 5 
grams. The yield of juice varies from 61*0 to 77’ 0 per cent throughout the 
period of ripening. The Brix reading of the juice increases and the percentage 
acidity decreases, throughout the period of ripening, the curves (Fig. 3) being 
typically S-Uke. The Brix readings for 1940 are higW than the corresponding 
ones for 1939, as in the case of the Kishmish grapes, the differences being due 
to seasonal factors, Jis has been explained previously. The slight scatter 
noticed in the plated readings both for Brix reading and the percentage acidity 
may be due to the unavoidable variation in the experimental material itself, 
the bunches of grapes often containing a large percentage of berries far below 
the average size. The effect of this natural variation in size in the experimental 
material was, however, avoided, as much as possible, by rejecting almost all 
those berries that differed widely from those of average size in the bunch. The 
Brix-acid ratio (Fig. 4) rises slowly in the early stages of development and more 
rapidly as the eating ripe stage is being reached, after which the increase is 
rather less rapid. Under local conditions, Haitha grapes having a Brix read- 
ing of about 19° and O’ 46-0 *47 per cent acidity are considered fit 
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for eating, altiiough samples of these grapes, from Gulistan and other places, 
have been found to have a juice of about 23’ 5° Brix and 0*28 per cent acidity. 
The low Brix reading attained by Haitha grapes may be due to the effect of 
soil or climate, or it may be due to cultural practice, as has been ;^inted out 
elsewhere [Siddappa, 1941]. The Brix-acid ratio of eating ripe Haitha grapes 
will be about 40 ; I , although it may be as high as 80 : 1 in certain cases. This 
ratio is about the same as for Kishmish grapes, as the Haitha grape is low both 
in its Brix and acidity. During the 1939 analyses, the Brix reading of the 
juice even on 19 September v as only 19°. The grape season ends by about 
the end of Septemlier and even if the berries are allowed to ri].)en still further, 
the Brix value may increase slightly, but the season will become unduly short 
and uneconomical. 



\0 to 31 9 19 31 -I 30 a 


JULY AUG. SEPT. OCT. 

Fia. 3. Brix and acidity changes in Haitha grapes 

Development op a single Haitha berry 

Changes in total soluble solids, absolute acidity, etc. during the develop- 
ment of a single Haitha berry are given in Tables IX and X. As in the case 
of the Kishmish grape, the data are calculated on the basis of development of 
100 berries. It will be noticed that the results are similar to those recorded 
in the case of the Kishmish grape, although the figiues for total soluble solids 
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and acidity are comparatively higher due to the naturally bigger size of the 
Haitha grape. The total ^ soluble solids increase and the absolute acidity 
decreases, throughout the period of ripening under observation. As in the 
case of the Kishmish grape, there is a slight tendency for the acids to accumu- 
late during the very early stages of development of the berry. The total 
soluble solids-acid ratio is the same as the corresponding Brix-acid ratio, the 
percentage acidity figures having not been corrected for the specific gravity 
of the juice. 



Fia. 4. Brix-acid ratio for Haitha grapas 




Ripening changes in Haitha grapes {1939) 
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the experimental vines 



Table VIII 

ipening changes in Haitka grapes {1940) 
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Table IX 


Developmeni of Haitha grapes {1939) 


Experi- 

ment 

No. 

Date 

1 

Average 
weight 
of 100 
grapes 
(gm) 

Total 
soluble 
solids 
in 100 
grapes 

Acid in 100 
grapes, 
as 

tartaric 

(gm.) 

Total 

soluble 

solids-acid 

ratio 

1 

17 July 

169 *3 

6-20 

1 

3*22 

1 

1 *92 

15 

24 . . 

172*3 

5-69 

4*13 

1 -38 

3 

31 „ 

176 -0 

6*28 

3*43 

1 *64 

4 

7 Aug. 

186*0 

6*63 i 

3*78 

1 *76 

5 

14 „ . . 

231 -7 

11-25 

4*29 

2*62 

6 

21 

261 *0 

17*28 

3*96 

4*36 

7 

28 „ . . 

252 0 

14*68 

1 3 *08 

4*76 

8 

llSopt. . 

470 *0 

1 

59 *07 

1 

2 *73 

21 *60 

9 

18 . . 

542 0 

1 

73*87 

2*13 

34*70 


Table X 

Development of Haitha grapes (1940) 


Experi- 

ment 

No. 

Date 

Average 
weight 
of 100 
grapes 
(gtn.) 

Total 
soluble 
solids 
in 100 
grapes 

(gin-) 

Acid in 100 
grapes, 
as 

tartaric 

(gm.) 

Total 
soluble 
so lids acid - 
ratio 

1 

11 July 

147 *0 

5*12 

3*29 

1 *56 

2 

18 „ . . 

187 *0 

8-12 

4 *88 

1 *64 

3 

25 . . 

172 *0 

6*67 

4*01 

1 *66 

4 

2 Aug. 

200 *0 

12 *43 

4 *50 

2*76 

5 

9 „ . . 

169 *0 

9 *25 

3*70 

2*50 

6 

15 „ . . 

248 *0 

1 

23*21 

3*39 

6*86 

7 

24 „ . . 

346 *0 

48 *40 

2*06 

23*62 

8 

7 Sept. 

610 *0 

78 *34 

1 *88 

41*74 

9 

19 ,, . . 

496 *0 ! 

i 
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Analysis of some important local varieties of grapes 

Although the Kishinish and the Haitha are the two most important grapes 
grown in Baluchistan, there are a number of other varieties grown on a fairly 
large scale, in some of the grape-growing tracts of the province. They are 
generally seeded wliite grapes, although a few like Tore, Sahel)i and Khair-e- 
Ghulama are black or purplish black grapes. It was, therefore, thought 
desirable to collect a number of samples of these varieties, especially at the 
time of harvesting, and find out their Brix-acid ratio, in order to be able to 
draw up some empirical standards of maturity for the profitable harvesting 
of at least a few of the important varieties of grapes grown in the Province. 
The results are given in Table XI. It will be noticed that fully npe white 
grapes are generally high in sugars and low in acidity, thus giving a compara- 
tively high Brix-acid ratio, while the black grapes from Quetta and Pishin are 
high both in sugars and in acidity, giving a com])arative]y low Brix-acid ratio. ^ 
The Sahebi which is a pale ])urple colourcrl gra])e, with seeded oval f>eiTies, 
has a characteristic flavour and is, therefore, highly valued as a tal)le grape. 
When eating ripe, its juice has a Brix reading of about and an acidity of 
about 0*5 per (*ent. Dark pm'j)le or black grapes are generally known locally 
as Tore and tlioir nomenclature is, therfore, not definite. The highest Brix 
reading recorded in the table, namely, 28* 7"^ vas for a sample of Kishinish 
grapes from Kandaluir, and even at this high value, the acidity was as high 
as 0*57 i>er cent, giving a Brix-acid ratio of only 50*4 : 1. The su]x?riority 
of the Kandahar Kishinish grapes, on which popular opinion ]>laces a high 
value, may be jiartly due to its peculiarly high Brix and acidity values. There 
is a wide variation in the Brix-acid ratio, namely from about 11:1 to 84 : 1, 
although a ratio of about 40 or 50 to one would be sufficiently accurate to de- 
fine the eating-ripe stage of maturity of many of the varieties of grapes for 
which the data has lieen collected. The difficulty of fixing, at the present 
state of our knowledge, more definite standards will, how ever, be appreciated 
w hen one realizes the possiljility of the wide variation in the ratio, even at the 
so-called eating-ri})e stage. 

Analysis of some important foreign varieties of grapes 

At the Fruit Experiment Station, Quetta, a number of important varie- 
ties of grapes have been lately introduced and their performance, under local 
conditions, is under investigation. Sani|)les of grajies from five of these im- 
ported varieties were analysed during the seasons of 1959 and 1940 and the 
results are given in Talile Xll. It may be pointed out that the berries were 
not considered to be fully ripe at the time of analysis, during both the seasons. 
Of the live varieties named, Emjieror, Black Hamburg and Gros Colman are 
purple coloured seeded grajies, while Olivette Blanclie is a seeded white grape 
and Thompson’s Seedless, a small, round, seedless, wliite grape resembling the 
Kishmish in sevei'al respects. Emperor and Olivette Blanche, both from 
California, are rejmted to be late varieties, eminently suited for cold storage 
and transport. Thompson’s seedless is the most im])ortant white grape ex- 
tensively used for drying in (California and elsew here. 

It may be assumed, for the present , that many of these foreign varieties 
might attain, under local conditions, a Brix value of 19 — 20° and a Brix-acid 
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ratio of about 40 : 1, although in the case of Thompson’s Seedless, the ratio 
recorded is only 16’3 : 1, due to the high acidity of the juice. At the time of 
analysis, the berries of this variety, although ripe and greenish yellow in colour, 
were very small, the average weight of a berry being 0*48 gm. only, that is, 
much less than about half the weight of an average Kishmish berry. It is 
doubtful if this grape could compete successfully with the popular Kishmis h 
grape, unless it be for its well balanced sugar-acid ratio. 

Table XI 


Analysis of some important local mrieties of grapes {1939-1940) 







Juice 



Serial 

No. 

Datfi 

Variety, etc. 

Weight 
of 100 
grapes 

(801.) 

(“Brix) 

Acidity 

as 

tartaric 
(per cent) 

Brlx-acid 

ratio 

Eemarks 

1 

4-10-89 

Ki&limiah (Quetta) . 

V 

26*2 

0*37 

70*8:1 

Ripe ; seedlesB white 
grape 

2 

6-10-39 

Kishmish (Kaudaitar) 


28-7 

0 57 

50-4; 1 

Ripe 

3 

6-10-39 

Do 


26 1 

0 43 

60*7:1 

Ripe 

4 

19-8-40 

Kishmish (Quetta) . 

92 

26*0 

0 45 

57 8: 1 

Yellow berries 

5 

19-8-40 

Do 


25'5 

0-67 

38 1 : 1 

Slightly greenish berries 

6 

10-9-40 

Do 


24 0 

048 

50 0: 1 

Sample from Fruit Ex- 
periment Station 

7 

5-10-40 

Do 


268 

0-55 

48*7:1 

Over-ripe grapes 

8 

6-8-40 

Kishmish (Randaliar) 

174 

24-7 

0-45 

54 9: 1 

Eariy season sample 

9 

4-10-39 

Haitha (Pishln) 

... 

230 

0-28 

82 1 : 1 

I^rge white grape with 
seeds ; ripe 

10 

23-10-39 

Do 


19'5 

0-86 

54*2: 1 

Ditto 

11 

28-9-39 

Haitha (Gulistaii) 

550 

23*5 

0-28 

83 9: 1 

Ditto 

12 

4-9-40 

Haitha (Quetts) 


17*3 

0-52 

33 3: 1 

Slightly unripe 

13 

10-9-40 

Do 

528 

19-5 

0-46 

42 4:1 

Ripe 

14 

8-9-39 

Tand (Gulistan) 

520 

. 20-5 

0-62 

33 3:1 

White grape ; fully ripe 

15 

9-9-39 

Do 


22 0 

0‘67 

32 8:1 

Ditto 

16 

8-9-39 

Kalmak (Gulistan) . 

370 

23‘7 

0-46 

52 7 :1 

Ditto 

17 

9-0-39 

Bo 


22*6 

0-52 

48 5 : 1 

Ditto 

18 

26-10-39 

Khalr-e-Ghularaa 

584 

26*2 

0-37 

70 8:1 

Dark purple grape ; ripe 

19 

22-8-39 

Black Monucca 

302 

220 

1-27 

17 3: 1 

Dark purplish grape, rich 
In acid ; ripe 

20 

9-8-40 

Shendukhani . 

172 

24-8 

0*68 

86*5: 1 

Dong seedless Kishmish 
grape ; ripe 

21 

9-8-40 

fiahobi 

324 

16-7 

0*61 

27*4: 1 

Large, slightly oval berries 
with light purpH^ skin 
and marked flavour ; 
not fhliy ripe 

22 { 

81-8-40 

Do 


19 7 

0*58 

37*2: 1 

Ripe 

28 

19-8-40 

\ 

! 

Kadak (Quetta) 

320 

281 

0-76 

1 

30*4:1 

Large round white ber- 
ries ; seeds present ; 
thin skin, Juicy flesh 
and sweet taste 
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Table XI — coyild 







J nice 



Serial 

No. 

Date 

, etc. 

Weight 
of H)0 
uraiM^s 

UJH-Jx) 

AeiOity j 
ats 

tarl.arie 
(per cent) 

Brix -a old 
ratio 

lie Ilia i ks 

2t 

10-8-40 

Sheikh All 

J84 

,;;-7 

1 ‘ill 

11 1 : 1 

Slightly oval berries of 
nierUiim size ; white, 
8(3e(led gTajje with 

stroriKiy acid taste ; not 
fully ripe 

2[) 

24-8-40 

J )f ) 

:ou) 

-Id 

0-7'.) 

30 0 : 1 

liil>f; berries 

20 

24-8-10 

i 

i I 

1 1 

; 
i 

llu.ssaiiii 

40 1 

181 

1 

«) ■ 1 

i 

58-4: 1 

Laru ' greenish yellow her- 
ri(.’s resembling the 

ITaitlm berries, but 

differing from them in 
being uuifonuly thick, 
wif li only a slight con- 
cave on one side ; very 

1 sweet seeded grape ; 

1 ripe 

27 

0-8-40 

1 j 

j 

! i 

M'ore 

24 1 

i 

0*42 

i 

i 

! 

j 

()0'2: 1 

Large slightly oval ber- 
ries ; thick puri)ll.sb 
black skin ; seeded 
sweet black grape ; 
ripe 

‘2S 

i 

! 

1 1 

24-S-40 

j 

lUiick !.u'aiie (Ouli.'j- 
tan). 

i 

580 

* *'2 '2 

i 

' 0-70 

i 

i 

:n -7 : 1 

Large round purple black 

I b(?rries ; tiilck skin ; 

1 seeds present ; acid 

! sweet taste ; appears to 

1 be different from Tore ; 

1 ripe 

20 

24-8-40 ! 

1 

1 

Uiack ; 4 raj)e. (t)in (la) 

500 

20-0 

! 0-()2 

3;02 : J 

Compact bunch ; large 

1 round seeded black 
grape ; rijie 


Summary 

/V detiuled invc‘.s( lun-tiou lias becBi ca-rried f)ut into the eliJUiL’iOs tliat tci,ke 
plaee durinL^ tlie riiKMiiiii* ol t he Jvislindsh an<l the llail lia gi'a-jies, two of the 
most important va^i(‘ti(^s of crapes ^fow n in l>alnchista.n. The results of 
analysis of a, few other important varietals of jiiM-pes, locsil as well m>s foi‘('iii;n, 
are oiven and tlie lijuirations lor lixiny>: uj> detinitc a,nd exa-rt- standai’ds of 
maturity have been pointed out. The main rcsidts; are hrielly as follows : — 

Kishmish grapes 

In the ease of Kishmish grapes, the Brix va,lue inercascs steadily through- 
out the main ])eriod of ripening, although ie slight fall may be noticed towards 
the very final stage, when the btvrry has started to drv' up. The percentage of 
acidity iidls regularly thi’oughout the ri|)ening [leriod, the fdl being ratlier 
steep tow'ards tlie early stages and almost tiat towards the end. Iilating rij)e 
Kishmisli grapes have generally a Brix value of* 23 — 24^’ and an acidity of about 
0 * 4 — ()'5 per cc>nt. Crapes having a coiisidere.bly higlier Brix reading and 
lower acid value are considered to be oveB*-rj))e and are of poor palatability on 
account of their ill balanced Brix-acid ndh). 
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Table XII 


[Xll 


Analysis of some important foreign varieties of grapes {1939-40) 







Juice 



Serial 

No. 

Date 

Variety, etc. 

Weight 
of 100 
grapes 

(gm.) 

(“Brix) 

Acidity 

as 

tartaric 
(per cent) 

Brix-aeld 

ratio 

Eemarks 

1 

7-10-89 

Black Hamburg 

374 

21*6 

0-46 

46*7:1 

Large loose bunches ; 
large, round, light pur- 
plkli black berries ; 
seeds present ; thick 
skin ; not fully ripe at 
the time of analysis 


27-10-80 

Do 


10*6 

0*70 

27-9 ;l 

Ditto 


2-10-40 

Do 


18*0 

0-37 

48*7:1 

Ditto 

2 

7-10-89 

Bmperor 

364 

16*7 

0*50 

81*4:1 

Light purplish berries, 
slightly oval in shape ; 
seeds present ; berries 
attached by means of 
thick caps ; late variety 
of grape reputed to 
keep long in cold stor- 
age ; not fully ripe 
under local conditions 


14-10-39 

Do . . . 


16-8 

0-40 

42*0:1 

Ditto 


27-10-89 

Do . . . 


17*2 

0*62 

88*1:1 

Ditto 


2-10-40 

Do . . . 


19*0 

0*68 

28*0:1 

Juice extracted by the 
' liot ’ method ; hence a 
slight Increase in Brix 
reading 

3 

7-10-89 

Olivette Blanche 

660 

18*0 

0*49 

86*7:1 

Loose bunches of medium 

1 size ; long oval berries : 
tiiiok skin ; seeded 


27-10-89 

Du 


16*5 

1 

0*56 

29*6:1 

► wliite grape ; flesh 
slightly listringent in 
taste ; late variety of 
wliite grape ; not fully 
ripe at the titiio of ex- 
periment, duo to local 
conditions 


2-10-40 

Do 


14*2 1 

0-54 

26*8:1 

4 

7-10-39 

Gros Colman . 

480 

19-4 1 

t 

! 

0*31 

62*6:1 

■] Purplish black grapi^ ; 

I seeds present ; not fully 

V ripe at tlie time of 


27-10-39 

Do 


17*4 1 

0-37 

1 

47*0:1 

J analysis 

5 



11-9-40 

Thompson’s Seedless | 

j 

i 

48 

19*8 

1 

1’26 

16*3:1 

Small l(X)sc buflehes ; 
small, round, seedless, 
white lierrles ; flosli tast- 
. ing acid sweet ; berries 
greenish yellow in 
colour ; this is a famous 
foreign grape used ex- 
tensively for drying ; 
rip© berries rather very 
small in size 


The Brix-acid ratio is highly characteristic of the grape, and when used in 
conjunction with the Brix reading, serves to fix certain practical standards for 
the maturity of the grape. Tentatively, a ratio of about 40 : 1 and a minimum 
Brix reading of about 23° may be us^ to define Kishmish grapes of good 
dessert quality, although grapes having a higher Brix reading and a higher 
ratio are not considered to be unfit for table purposes. 
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The percentage of berries in the bunch increases only slightly as the ripen- 
ing advances and the eating-ripe bunches contain about 95 per cent by weight 
of berries, the stems and caps forming about 5 per cent of the total weight of 
the bunch. 

Under experimental conditions, the percentage of juice in the berries re- 
mains practically constant throughout the period of ripening and constitutes 
about 80 per cent of their total weight, the remaining 20 per cent being made 
up of the skin and flesh. 

During a comparatively warmer ripening season, the Brix values are 
generally higher than the corresponding ones during a normal season, the 
increase being mainly due to the accelerated photosynthetic activity during 
spells of bright and warm weather. The changes in the various constituents 
of the grapes during an abnormally warm season are less regular than in a 
normal season. 

In the development of a single berry, its average weight increases rapidly 
in the early stages and more gradually towards the end. The total soluble 
solids increase in a similar manner, while the acidity decreases continuously, 
although there is a marked tendency for the acids to accumulate during the 
very early stages. 

Kishmish grapes from Kandahar are generally richer than Quetta ones, 
both in their Brix and acidity values. This may be due to the soil or climate 
or changes during storage and transport. 

Cidtiiral treatments such as staking, trenching, etc. may considerably 
affect the changes during the development of the grapes. 

Haitha grapes 

The changes observed during the ripening of the Haitha grapes a;re almost 
similar to those that occur in the case of the Kishmish grapes, exce})t for a 
slight scatter in the data for the various constituents, due to the inherent non- 
uniformity of the experimental material, bunches of grapes often containing 
numerous berries far above or below the average size. The Brix reading in- 
creases and the percentage acidity decreases throughout the main period of 
ripening, the Brix readings being slightly higher in an abnormally warmer 
season than in a normal one. Under local conditions, eating ripe Haitha 
gra|)es have a Brix-acid ratio of about 40 : 1 and a Brix reading of 18 — 20° only. 
Haitha grapes from other parts have been found to be considerably higher in 
their Brix reading, as a result of climatic conditions, cultural practices, etc. 

As in the case of the Kishmish berry, during the development of a single 
Haitha berry, the total soluble solids increase and the absolute acidity decreases 
throughout the ripening period and there is a marked tendency for the acids 
to accumulate during the early stages. 

Other varieties 

Other local white grapes like Kadak, Hussaini, Tand, Kalmak, Sheikh 
Ali, etc. have, when ripe, a Brix-acid ratio widely differing from about 40 : 1, 
and are generally rich in sugars and low in acidity. Purple -coloured grapes 
like Tore and Khair-e-Ghulama are generally rich both in their Brix and acidity 
values and have a comparatively low Brix-acid ratio. Eating-ripe Sahebi- 
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grape has a Brix acid ratio of about 40 : 1 and, being highly flavoured, it is 
considered to be a high class table grape. 

Among the foreign varieties of grapes that have been introduced into the 
Province, Emperor, Gros Colman and Hamburg are purple-coloured grapes, 
while Olivette Blanche and Thompson’s Seedless are white grapes. Under 
local conditions, they may attain a Brix value of 19 — 20“ and a Brix-acid ratio 
of about 40 : 1. At Qlietta, the Thompson’s Seedless is a very small grape 
with high acidity and low Brix-acid ratio and does not compare favourably 
with the Kishmish grape. 


Acknowledgments 

I have great pleasure in acknowledging my indebtedness to the Imperial 
Council of Agricultural Research for financing this work under a general scheme 
of research for Emit Canning and Preserving in Baluchistan. My grateful 
thanks are due to .4. M. Mustafa, Esquire, Agricultural Officer in Baluchistan, 
for his keen interest in the course of the al)Ove investigation. 

REFERENCES 


Adam, W. B. and Siddappa, G. S. (lU.Ki). Ann. Rnp. Fruit nrid Vrgrtidiie lies. Sta. 

Gampden, Ohs. ]!Fi5-3t). lU-.'iU 
Bioletti, F. T. (1915). J‘roe. Intern, ('tini/. VUienitnre. !!U7 
(192.5). Calif, agric. Sta. Cir. 293. l-K'. 

Cruess, W- V. (1934). The. Prinriplc/. ami Fraclicf aj Wine Making. Tlif Avi Unlilish- 
ing Company, Inc., New York 

(1938). Coimnercial Fruit ami V/gelntdr Pradnets. Mc-Craw Hill Book Company, 

London and Now York 

Myers, A. T. and Cakhvell. S. (1939). Fruit Prod. J. 19. .5 : 3(i ; 99 
Nichols, P. F. and Christie, A. \V. (1930). Vnlr. ValiJ. agrie. K.r.pt. Sta. Hull. 500. 1-31 
Siddappa, C. S. and Adam, W. B. (193.5). Ann. Hep. Fruit and Vegrtuhlr He.':. Sta.. 
Gampden, Ohs. Ittiid-ilO. pp. 74-l('0 

Siddappa, C. S. (1941). The i)ryiog . f Or.ipcR in B iluchistan. hup. Guun. agric. Hes. 
Miac. Bull. 58 

Winkler, A. J. (1932). llnir. (talij. agrie. K.rpl. Sta. Bull. 529, 1-3.5 



RESEARCH NOTE 


PROIMJCTION OF FLOWERS ON ROOTSTOCK STEMS 
OF MANGO GRAFTS IN THE NURSERY 

BY 

P. K. SEN 

Officer ■‘in-Cliarge, Fruit Research Station, Sahour, Bihar^ 

(Ilocciv<*fl for pui)lication on 16 July 1941 ) 

(With plate XVlII) 

I T appeared to be of nnicli interest, at this station, to note during the 1041 
iiiango season some c*ases of llowering from the stem of the seedling root- 
st< 0 (;k of one-year old mango grafts (inandieds) wliich were yet in pots 
in the nursery. It is not uncommon to see the scion shoot flowering in the 
V cry first season after grafting. They usually are shoots taken from mature 
trees, and quite ofte'n they liave frnit-buds at the time of their separation 
from jiarent trees. But, (lowering from rootstock stem is rather unusual. 
A mango seedling does not, as a rule, flower before it is at least five to six 
years old. 

The grafts were pro])ared from mature scion parents of two Bombai* 
three l.angra and one Pazli mango frees. The seedlings used as rootstocks 
wen' of mixed origin. d1iey were sown during tlie rains (June and July) 
of 1938 and potted in June, 1949. Inarching was done in July the same 
year. At the time of inarching the seedlings were 0-7r)—l -0 cm. in diameter 
at- liase, and 45- -50 cm. in height. The grafts were finally separated from 
the parent trees in October. They wtto then kept under partical shade in 
the nursery. 

In the spring of 1941, a good many of these grafts flowered from their 
scion shoots. The extent of flowering was rather conspicuous. It is not 
al\vay%gpeen to such an extent. The scion parent trees w^ere also in very 
profuse flowering. Tlie summer of 1940 w^as unusually dry and the trees 
w ere in their ‘ off ’ year that year. The heavy flow ering of the parent trees 
and the scions taken from tliem were, therefore, considered to ^and to 
reason, 

Flowers appearing from such grafts in the nursery are normally re- 
moved. It was while removing them that the cases under report, i.e. flowers 
appearing from rootstock stems w^ere discovered. On tlie whole, however, 
out of 2B9 Bombai, 928 Langra and 205 Fazli grafts, only 12, 1 and 7, res- 
pectively, produced panicles from tlieir rootstoclv stems. In all these cases 
the scion shoots had also produced flowers. 

* Maintaimxi jointly by the Imperial Council of Agricultural Researbh, India, and 
the Government of Bihar in the Department of Agrictilture 
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In four of the Bombai and two Fazli grafts the flowers appearing from 
root-stock stem also set fruit (Plate XVIII, figs. 1,2). 

Mango grafts have been prepared in large numbers for over thirty years 
at Sabour but this is the first occasion when the phenomenon in question 
has been noted. It is possible that nursery men and research workers else- 
where have noticed this phenomenon some time or other but it is by no means 
of common occurrence. 

An elucidation of the factors that induced flowering from rootstock stems 
of such grafts, would appear to be of great interest and importance in con- 
nection with studies on factors governing fruit-bud formation. It may be 
thought that lopping the rootstock stem above the graft union and of cinc- 
turing caused l>y the grafting bandage had an effect. These two factors 
are, however, always in association with grafting, but the phenomenon in 
question appears to be only occasional. It is also known that the mango 
tree can be made to flower by means of smudging at any time of the year, 
provided that the tree is in condition for forcing [Gonzalez, 1923]. Smudging 
can not, however, induce flowering if the shoot bud will not form reproductive 
organs [Alcala and Pedro, 1935]. In the present cases, however, the question 
of smudging does not arise as the grafts were not in any way subjected to 
such stimulation. The writer suggests that it is not unlikely that the scion 
had exerted some influence on the rootstock in some way or other. Here the 
scion parent trees were in a very favourable condition for fruit bud formation 
during the period of grafting. After inarching, when the union of the seedling 
and the scion sl)Oot was effected, even when the latter was yet on the parent 
free, metabolic translocation betw^een the stock and the scion shoot wtis 
tx)ssible. Where the scion was in a very favourable condition for fruit bud 
formation, it is likely that the stock was also brought up to a similar level 
of such condition. 

The observations are recorded here in the belief that they miglit be of 
interest to botanists and horticulturists. 
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Fig. 1. A mango graft showing fruiting from rootstock stem Fig. 2. A closer view of the graft shown in 
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PLANT QUARANTINE NOTIFICATIONS 

Ik 1)1 A 

Notification No, F, 193/40-A,, dated 15th December 1941, issued by the Govern- 
ment of hidia in the Department of Education, Health and Lands 

I N oxercsie of the powers conferred by sub-section (1) of Section 3 of the 
Destructive Insects and Pests Act, 1914 (11 of 1914), the Central Govern 
nient is pleased to direct that the follovvin<j: further auiendmeiits sluill l)c made 
in the Order pnl)lisbed with the notification of the Govcniinent of India in 
the Department of Education, Health and Lands, No. F. 193/40-A., dated 
the 3rd February 1941, namely : — 

1. In clause (a) of pfiragraph 2 of the said Order — 

(i) after the word permit ” tlm words in accordance A\'ith the 
form set forth in the Schedule to this Order ” shall be inserted, 
and 

(ii) after the word ‘‘behalf” the following proviso shall be inserted^ 
namely : — 

‘ provided that a permit shall not be refused in the case of any 
insect vdiich, in healthy condition, is not likely to be destruc- 
tive to crops k 

2. Fo tlie said Order, the following Schedule shall be added, namely : — 

‘ SCflEDimE 

Form of special permit authorising importation of insects 
1. Name, designation and full address of the importer 

2. N(Uuc of the insect species to be iuvported 

3. Stage or stages of t he insect to be imported 

4. Country from whicli im})ortation is sought 

5. Wliether im})ortation is intended by sea, land or air 

(k Whether in its original home it is a weed pest, a parasite or a. preda- 
tor 

7. (i) Name (naiiies) of the weed (weeds) on which it is a pest in tlie 

country of origin 

(ii) Name (names) of tlie [lest {jjests) on which it is a, parasite or predator 

in the country of origin . 

8. Name, designation and address of the exporter 

9. Quantity indented for 

10. Purpose of importation 

Fhe above information is true to the best of my belief. 

Date 

(Signature of the im[)orter). 

1 authorise the importation. This permit will be valid up to 

Date 

(Signature and designation of the 

certifying authority) 

[N .B . — It is ex])e(ded that the permit will be obtained in advance of 
sending the order so that the imported material may not remain indefinite- 
ly in the warehouse for want of suitable permit] 
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ERRATA 

Thb Indian Jodbnai. or Aorioultural Science, Vol. XII, P 4 KT I, Febb-uaby 1942 
Page 16, line 23, from bt>low,/or ‘ Author ’ read ‘ Aiiotlier ’ 

Page 22, line 19, for ‘ 30 -63 0 -41 ’ read ‘ 30 -63^:0 -41 ’ 

Pago 22, lino 21, /or ‘ 0°-2‘” read ‘ 30°± 2“ ’ 

Page 22, line 23, /or ‘ 941 '.read ‘ 1941 ’ 

Page 26, Fig. 2, figui-os along absci8sa,/or ‘ S^C.. lO^C., S^C., 0"C., 5“C., 0“C., r)°C.. O^C.' 
read ' 5°C., 10°C., 16°C., 20'’C., 26'’C., 30X\, 36°t:., 40"C. reepoctivoly ’ 

Page 27, last line, for * soil temperaturo ’ read ' Hoil-toniporaturo ’ 

Page 28, lino 1, for ‘ or ’ read ‘ for ’ 
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Fig. 2. Kachides, empty glumes, palea and kernels of ‘ blue ’ wheat 
(No. 1) and dwarf hi 11- wheat (No. 2) (X|) 








ORIGINAL ARTICLES 

THE CYTOLOGY OF ‘ BLUE ’ WHEAT HYBRIDS 

BY 

T. C. CHIN 

AND 

C.S.CHWANG 

Departmentof Agronomy, College of Agriculture, University of Nanking 

(Received for publication on 8 January 1942) 

(With Plate XXVI and 21 text- figures) 

W HEAT is the most popular crop in north China. It is next in import- 
ance to rice in the southern and south-western provinces of the Yangtze 
valley. Practically all of the important cultivated varieties belong to T. 
wlgare. The information regarding the existence of Emmer wheats tmd other 
species of wlgare group is rather meagre. As reported by various workers 
[Hosono, 1935, 1 ; King, 1934 ; Sheh, 1937] varieties of T. durum have been 
grown in some localities in Yunnan, Hupeh, and Sinkiang and those of T. 
turgidum in Sinkiang, Honan and Kansu. It was not until our recent 
migration to Szechwan, after the Sino-Japanese hostilities, that we realized 
the significance of the so-called ‘ blue ’ wheat of Szechwan as a distinct group 
of Emmer wheats. 

Many different local names are given to them and ‘blue’ wheat is the most 
popular and collective one. It is so named because the bloom or wax deposited 
on the surface of the green tissues appears bluish in colour. Another closely 
related form of Emmer wheats in Szechwan is known as dwarf hill-wheat. It 
differs primarily from the ‘blue’ wheat in the absence of waxy substance, in a 
lower plant stature, and in a somewhat different head type ; yet both yield 
flours of extraordinarily poor quality. Information regarding the habitats 
of these wheats, as reported from various sources, seems conflicting. In some 
places they are suited to dry regions or mountain slopes, while in other places 
they grow well on moist, damp soils, such as river valleys. Therefore, 
opinions differ as to the botanic position of these wheats. Some state them 
to be T. turgidum and others T. durum. So far as the writers are aware, no 
cytological work on these two forms of Emmer wheats has yet been done. 
This paper reports an inquiry into the identification of these wheats by means 
of cytological studies on various ‘ blue ’ wheat hybrids. 

Genebal description 

A. Oeographical distribution. ‘Blue ’ wheat is found to be cultivated as a 
winter crop in various districts of western and north-western Szechwan. Its 
cultivation in this province goes back a long way and no exact evidence of the 
time of its introduction is available ; but the limited degree of morphological 
and physiological differentiations or variations suggests that its introduction 
nughtmot be of remote antiquity. 

The dwarf hill-wheat, as indicated by the name, is commonly cultivated 
along the hillaiHag of the mountainous regions of western Szechwan. Although 

-aei 
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no actual data concerning the acreage or production of theae two forms of 
wheats in Szechwan is available, it has bwn estimated that they probably 
constitute about 5 per cent of Szechwan’s wheat crop. 

B. General morphology. In Szechwan where winters are mild ‘blue’ wheat 
(including dwarf hill-wheat) is customarily fall-sown. Within our collection 
there appear a number of varieties with different seedling habits. Among 
249 strains of ‘ blue ’ wheat studied, 210 strains assume the upright, spring 
habit ; 21 prostrate, and 18 semi-prostrate type. All the nine strains of dwarf 
hill-wheat possess upright seedlings. They seldom stool or tiller. The 
number of tillers varies from four to seven per plant. The leaves are usually 
broad and smooth but possess a peculiar whitish green colour with an ex- 
tremely harsh cuticle. As a rule, the culms are somewhat taller (except dwarf 
hill-wheat) than those of common wheats, ranging from 0'915 to 1*515 mm., 
and hence the tonnage of green material produced per unit area tends to be 
great. This is, x)erhaps, one of the reasons why in some localities in Szechwan 
it is preferred for hay. The straw is of medium stiffness, with a dull, thick, 
striate surface. 

So far we have not observed any ‘ blue ’ wheat which is beardless. The 
ears average 9 cm. in length and 1*5 cm. in width, possessing 20 or more 
spikelets. Three to five florets are found in each spikelet and generally three 
are fertile. Most varieties have short, thick, compact heads which are laterally 
compressed and more or less rectangular in cross section. The rachis is 
tough, smooth, but copiously fringed along its edges with white hairs and bears 
a frontal tuft of similar hairs at the base of each spikelet, reaching approxi- 
mately a length of 3-4 mm. The empty glumes are white, pubescent on both 
surfoces and prominently and sharply keeled at the base. The awns are stout, 
rough, grayish white in colour, triangular in section, erect and projecting 
ui)ward. 

The grains are usually amber or yellow, but occasionally pale red in 
colour, large, broad and plump with a high dorsal arch or hump behind the 
embryo. The endosperm is opaque and starchy although in a few varieties 
it is quite hard and vitreous. A majority of varieties possess an intermediate 
condition, the texture is rather hard while opaquely white and non-translucent 
assuming a porcelain-like structure rather than starchy fractures. However, 
when they are grown under more or less humid conations they are almost 
starchy. 

As already pointed out above, ‘ blue ’ wheat is characterized by its 
waxy ai)pearance. All of our collection except nine are waxy ; the bloom 
covers all the plant parts. Those possessing no waxy bloom (here designated 
as ‘ dwarf hill-wheat ’) have very short, thick-walled culms with light, 
yellowish green foliage. The ears are fully bearded, with medium length and 
density. With the exception of the ear type, the morphological characteris- 
tics and the growth habit suggest that the so-called dwarf hill-wheat is most 
probably a related form of T. pyramidale. 

C. Cultural characteristics, quality and disease reactions. As ‘ blue ’ 
wheat tillers less than the common winter wheat, seeding is, therefore, some- 
what heavier than for common wheats. It grows rapidly and the heavily, 
fully bearded heads tend to have a podding habit ; this together with the 
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typically bloomy appearance makes them look like a fish tail and thus the 
name ‘ fish-tail ’ wheat is given by the farmers in certain localities. 

The vigorous vegetative growth is accompanied by a delay of development. 
It heads about a week later than the late varieties of common winter wheats 
and consequently matures later. Such an inherently long period of growth 
should, in part, account for its high yielding capacity. But its tall growth 
and late ripening may be more readily subject to attacks by birds than 
the ordinary wheat. The straw is moderately stiff" so that it is possible for 
birds to perch upon it and, because it is tall, it ranges above all other wheats 
and is more conspicuous to the eyes of the birds. It requires a moderately 
dry, hot season for satisfactory growth and thus it is more drought-tolerant. 
The hardness of the kernels is conditioned by the environmental factors. 

As shown in our data on nitrogen determination (Table I) it may be said in 
general that ‘ blue ’ wheat tends to contain more protein than other wheats 
commonly cultivated in Szechwan, especially when the environment is favour- 
able. Yet the baking quality of ‘ blue ’ wheat and dwarf hill-wheat fiours 
is rather poor. Their gluten is less elastic than that of common wheats and 
their swelling capacity and the gas-retention capacity are unexpectedly low. 
They yield a heavier and stiffer dough with comparatively less water than 
other flours. Probably the gluten of ‘ blue ’ wheat as well as its starch differs 
physico-chemically from that of other wheats. This is the reason why flour 
from ‘ blue ’ wheat is primarily used in the baking of cakes and biscuits. 

Table I 

Protein content of wheats 

(1940-41 crop from the UniverBity Fann, Chengtu, Cliina) 


Varipties 1 

i 

Moisture 
(per cent) 

Protein 
(per cent) 

7136 (‘blue’ wheat) 

16*99 

11 *79 

7181 (‘blue’ wheat) . . . . , i 

15*28 

12*20 

7274 (‘blue’ wheat) ..... 

1 16*86 

9*37 

7174 (dwarf hill -wheat) .... 

! 17 *32 

10*89 

*NK 2906 (common wheat) .... 

i 14*62 

10*60 

*NK 41 97 A (common wheat) . . . . ; 

15*51 ! 

10*20 


* Improved varieties of the University Farm 

None of the ‘blue’ wheat strains tested escapes from the infection of stripe 
rust, P. glnmarum, which is rather serious in the west Szechwan plain, yet 
none of them reaches a severe stage of infection. They are more or less 
susceptible to loose smut, XJ, tritici, in most localities and, stinking smut, 
T, tritici, in certain districts. Scab, caused by Oibberella saubinetii, is of 
rare occurrence in Szechwan but, according to the writers’ experience, these 
‘ blue ’ wheats when sown in Kweichow, ( a neighbouring province south of 
Szechwan) where wheats are generally harvested one month later than in 
Szechwan, suffer rather seriously from the attack of scab fungus. " It is 
suggested that the compact spike of ‘ blue ’ wheat with heavy tufts of hairs 
at each rachis joint slows down the rate of drying after rains or heavy dews 
fipd consequently facilitates the attack of the pathogene, Wu [1940] tested 
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for the resistance of ‘blue’ wheat varieties to flag smut, Urocyatia tritici, by arti- 
ficial inoculation and found that none of the varieties tested was not immune. 
They are generally more susceptible, particularly those of soft varieties, to 
damage by flour moth and grain weevil than the common bread wheats under 
storage conditions. 

Cytological observations reveal that the typical ‘ blue ’ wheat as well as 
the dwarf hill-wheat possesses normally 14 bivalents in meiosis (Fig. 1). 
The peculiarities of ‘blue’ wheat as a district group and its doubtful botanic 
position appear to justify a study of these subjects on which little literature is 
available. The present discussion rests primarily upon as yet incomplete 
information on the cytological behaviours of the hybrids between ‘ blue * wheat 
and other known species of Triticum. 





Fio. 1. ChromosomcB of metaphase I in ‘ blue * wheat showing 14 bivalents 
Fig. 2. Two rings of 4 and 10 bivalents in ST. durum X * blue ’ wheat 
Fig. 3. A ring of 4 and 12 bivalents in T, turgidum X ‘ blue ’ wheat 
Fig. 4. A chain of 4 and 12 bivalents in T. pyramidale x ‘ dwarf hiU-wheat * 
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Fio. 6. Metaphase I in T. vulgare X ‘ blue ’ wheat showing 
1(IV)+ 1(111) + 9(11) + 10(1) 

Fig. 6. Metaphase I in T. sphaerococcum x ‘ blue wheat ’ showing 
2 (III) + 11 (II) + 7 (I) 

Fig. 7 (o). Association of 4 in T. durum X ‘ blue ’ wheat. All the four 
members possess sub-median centromeres 

Material and methods 

The material used in the crosses includes T. durum Desf. (var. lumillo ) 
T. turgidum L., T. pyramidale var. recognitum Perc., T. vulgare (NK 2906) 
Host., T. sphaerococcum Perc. and ‘ blue ’ wheat and dwarf hill-wheat col- 
lected in Szechwan. 




Fig. 7 (6). ConfigiiratioiiB of T. durum X ‘ blue ’ wheat ; a and b, two pairs of 
diagrammatic chromosomeB taking part in the multiple configurations, 
one pair with median centromeres and the other pair with sub -median 
centromeres ; c — h, associations of four foxmd from different cells. 
They are composed of the same chromosomes 
Fia. 8. Configurations of T. turgidum x ‘ blue ’ wheat ; a and b, two pairs of 
diagrammatic chromosomes taking part in the multiple conffgurations, 
one pair with median centromeres and the other pair with sub-mtidian 
centromeres ; q — f, multiple associations found from different cells. 
They are composed of the same chromosomes. The two sets of four 
chromosomes in the two hybrids are morphologically similar 
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The crosses were made in 1940 and the slides were prepared in 1941. 
Smears were fixed in La Cour 2BE and were stained by Newton’s gentian 
violet iodine method. Drawings were made with the aid of camera lucida. 

Results 


A. Teiraploid hybrids 

1. T. durum x B. W., (‘ blue ’ wheat). Besides the bivalents there are 
two rings of four chromosomes in this hybrid. One of the rings is com- 
posed of four chromosomes with sub-median centromeres (Fig. 7a), and the 
other comprises two chromosomes with median centromeres and two with 
sub-median centromeres (Figs. 2 and lb). The average number of associa- 
tions of four is 0-9 (Table II). 

Bridges (Fig. 9) are observed in the first anaphase. The percentage of 
bridges is equal to 4-88 and the coefficient of hybridity is 0-00161. 



P'lG. 9. First anaphaso bridgo in T. durum X ‘ blue ’ wheat 


Table II 

Configurations of tetra2>loid hybrids 


1 

i 

! 


Bivalents 


i 

Multiple configurations | 


Configurations and | 


n 

n 

1 

^ 1 

“1 

Association 

Asso- 

Number 

No. of X-t a 

oyo 

U° 

u 


J 

of foin 


ciation i 

of cells 



i 






— 


of3-f~l observed 


4-2 

3-2 

2-2 

2-1 

1-1 

5 '4 

4-4 

3-3 

2-2 1 


Durum x B. W. 


54 

182 

1 

9 

2 

11 

4 


20 

(per cent) 


21-7 

74-2 

0-4 

3*7 

1 






Turgidum x B. W. 

4 

119 

, 78 

: 3 

1 .. 

1 

1 

, , 

8 

16 

(per (jejit) 

2-0 

58-3 

38-2 

1 *5 

! • • 

• * 

i 

1 • • 




Pyratnidale X D. H. | 

' 

74 

38 

i 5 

6 

1 

I 4 

5 


10 

W, (per cent) 

• • 

60*6 

1 

31 1 

j 4*1 

41 

i 

i 

1 ” 



*' 

• ■ 



668 I’HE INDIAN JOURNAL OF AGRICULTURAL SCIENCE [XII 

Table III 


Distribution of chiasmata of tetraploid hybrids 


Hybrids | 

Mean 
No, of 
bivalent 

1 X-ta 
per 

bivaltnt 

X-ta per 
potential 
bivalent 

Total 
X-ta 
per cell 

Terminal 
X-ta 
per cell 

Cocffici* 
ent of ter- 
minaliza- 
tion 

Durum X B. W. 

12-30 

2*18 

2-16 

30 16 

27-30 

0'905 

Turgidum X B. W. 

12-75 

2-62 

2*50 

36-00 

26-81 

0-766 

Pyramidale X B. W. 

12 -20 

2-67 

2-46 

34-40 

26-50 

0-770 


TJhe mean number of bivalents per cell is 12 • 30. The number of chiasmata 
per bivalent is 2*18 and that for each potential bivalent is 2*15. The mean 
number of chiasmata is 30-15 and the coefficient of terminalization, 
0-905. 

2. T. turgidum x B. W. There is only one multiple configuration which 
is most frequently an association of three and occasionally an association of 
four (Table II ; Figs. 3 and 8). In the latfor there are two chromosomes 
possessing median centromeres and two possessing sub-median centromeres. 

Both the first and the second anaphase of this hybrid are normal. The 
average number of bivalents per cell is 12-75. The mean frequency of 
chiasmata per bivalent is 2-62 and that for each potential bivalent, 2 •50, 
The mean frequency of chiasmata per cell is 35-00. The coefficient of 
terminalization is 0-766. 

3. T. pyramidale X D. H. W. (dwarf hill- wheat).* There is only one 
association of four chromosomes (Fig. 4). The number of chiasmata per 
potental bivalent is 2*46 and that for each individual cell is 34-40. Out of 48 
first divisions there are two single bridges (Fig. 11) in the same cell and five 
single bridges (Fig. 10) in 146 second divisions forming a percentage of 3-61. 
The coefficient of hybridity is 0-00105 showing that dwarf hill-wheat differs 
from T. pyramidale by a small portion of inversion. 



Fig. 10. RiiaphaBo bridge in T. 

pyramidale X dwarf 
Hill -wheat 



Fig. 11. Two single first anaphase bridges 
in T. pyramidale x dwarf 
hill-wheat 


♦ The cross was made by C. K. Chan, to whom the writers are indebted 
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B. Penlaploid hybrids 

1. T. vulgare (NK 2905) x B. W. There are two multiple configurations, 
an association of four and an association of three (Tables IV and V ; Fig. 6). 
The average number of bivalents per cell is 1 1 • 9 and the mean number of 
univalents per cell is 8- 8. The average number of chiasmata per potential 
bivalent and that for each cell are 2*14 and 30 -40 respectively. The co- 
efficient of terminalization is 0'77. The percentage of bridges in the first 
division (Figs. 12 and 13) is 8-33 and the coefficient of hybridity is 0*00278. 



Fig. 12. First annplitise bridge in T. Fig. 13. First anaphase bridge and a 
vulgare x ‘ blue. ’ wheat ’ fragment in T. imlgare x ‘ blue ’ 

wheat 

Table IV 

Configurations of pentaploid hybrids 



Distribution of chiasmata of pentaploid hybrids 


Hybrids 

Avernge 
No. of 
bivalents 
per cell 

Average 
No. of 
univalents 
per cell 

X-ta per 
potential 
bivalent 

X-ta 
per cell 

Coefficient 
of termina- 
lization 

Vulgare x B. W. 

11 *9 

8-8 

2*14 

30 *40 

0*77 

Sphaerococcufn X 

B. W. 

11-6 

8-4 

2*11 

29*60 

0*68 
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2. T. sphaerocoecum xB. W. 
Two associations of three (Fig. 
6) are found in the same cell. 
The average number of univa- 
lents is 8'4 (Table V). The 
number of chiasm^a per po- 
tential bivalent and that for 
each individual cell are 2-11 
and 29-60 respectively. The 
coefficient of terminalization is 
0-68. The coefficient of hy- 
bridity evidenced by the occur- 
rence of bridges (Fig. 14) is 
0-00135. 


Fio. 14. Second anaphase bridges and 
fragments in T. Sphaerocoecum x ‘ blue ’ 
wheat 


Discussion 


A. Configurations 

1. Tetraploid hybrids. The 17 multiple configurations found in 20 P. M. 
Cs. of T. durum X B. W. are exclusively associations of four. More than 
76 per cent of the latter are ring-shaped and the remainder are chains of four 
either in the shape of N or of an open ring. 

In T, turgidum X B. W. the multivalents are most frequently associations 
of three. The one which fails to pair is always the one of the two with sub- 
median centromere. For the association of three only two combinations are 
common, i.e. 




In T, pyramidale x 
I). H-W. the multiple 
configuration is al- 
ways an association 
of four. Among 10 
cells studied only one 
is devoid of such 
an association of four, 
instead of which two 
bivalents are present. 


2. Peniaploid hybrids. In T, vulgare X B. W. only two cells possessing 
14 (1I)+ 7 (I) are found. Among the six cells possessing multiple configurations 
four show apparent reduction of chiasma frequency as well as increase in the 
number of univalents ; showing that the formation of multiple configurations 
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must have something to do with the decrease in the number of chiasma 
frequency and the increase in the number of univalents. These will be 
dealt with in later paragraphs. 

In T. aphmrococcum x B. W. none of the five cells examined show more 
than 13 bivalents. The combinations of the configurations are mostly 13 (II) + 
9 (1), 1 (IV) + 12 (II) + 7 (I), 1 (III) + 11 (II) + 10 (I), 2 (III) + 11 (II) -f 
7 (I), and 1 (IV) + 11 (II) + 9 (I). The maximum number of associations 
of three is two and in the same cell the number of univalents is seven showing 
that there is intrahaploid pairing owing to external iiiterchangCB. 

The formation of multiple configurations in the liybrids mentioned in this 
paper is all due to external interc^hange and this had been proved in the 
following ways : - 

(а) Formation of bivalents in haploid plants of wheats — thus the number 
of bivalents was found to be one in T. monococciim [Kiliara and Katayama, 
1933; Chizaki, 1934], tlu'ee in T. durum [Kihara, 1936]. In T.vidgare the 
number of bivalents was found to be one to two [Gaines and Aase, 1926], 
three [Yamamoto, 1936], four [Yamasaki, 1936] and nine [Krishnaswamy, 
1939]. Krishnaswamy even found an association of three. 

(б) Multiple configuration in pure species — thus in T. turgidum, Darlington 
[1931, 1] found an association of four. 

(c) Intraliaploid pairing in intergeneric liybridization — in intergeneric 
hybrids a part of tlie bivalents is due to intrahaploid chromosome i)airing in 
Triticum. Bivalents were found in T. turgidum X Haynaldia villosum [Berg, 
1934], and in the liybrids between 7\ turgidum and species oiAegilops [Percival, 
1930], 

T. durum showed liivalents on hybridization with Ae. veniricosa [Katayama 
1931 ; Matsurnoto, 1933] and with Secale cereale [Kagawa and Chizaki, 
1934 ; Plotonikowa, 1930]. 

Bivalents were also found in Ae, ovata X T. vulgare [Kattermann, 1932], 
T. vulgare x Secale cereale [Aase, 1930] and Ae. ovaUx X 2\ S'phaerococcum 
[Percival, 1930]. 

{d) Intra or intergenomic pairing in intrageneric hybridization — 
Thompson [1926] found no multiple configurations in T. jnonococcum x T, 
turgidum. In T. durum X T. monococciim only a trace of multiple association 
was found [Aase, 1930]. In T. vulgare x T. monococcuni four to twelve 
bivalents were found [KostoflF, 1935]. The extra five bivalents besides the 
normal seven are due probably to pairing between chromosomes of vulgare. 
The formation of numerous extra bivalents in T. vulgare x T. momcoccum 
together with the rare occurrence of multiple configurations in T. durum 
X T. monococcum evidently shows that there are interclianges of chromosome 
segments between chromosomes of the same or of different genomes. 

Contrary to the above findings, some j)revious investigators found no 
multiple configurations in T. turgidum X T. vulgare [Watkins, 1924], T. 
sphaerococcum x T. turgidum [Vakar, 1932] and 7\ turgidum X T. durum< 
[Hosono, 1935]. The occurrence of multiple configurations in T. vulgare X 
B. W., T. sphaerococcum X B. W., T. durumx B. W., and T. turgidum x 
B. W. shows that the external interchanges of the chromosomes of ‘ blue ’ 
wheat are long enough for autosyndesis to take place. 



672 the INDIAN JOURNAL OF AGRICULTURAL SCIENCE [Xll 

The percentage of ring is much higher in T. durum x B. W. than that 
obtained in tomato [Upcott, 1935]. In all the hybrids, the multiple confi- 
gurations are almost exclusively rings and chains. Interstitial chiasmata are 
formed only between homologous members (Figs. 2, 3 and 6). Multiple 
configurations other than ring or chain require more than one chiasma on the 
same arm [Upcott, 1935], the failure of the latter indicates that the external 
interchanges between non-homologous chromosomes form terminal chiasmata 
only [Upcott, 1937, 2] and thus the duplications are not long enough for two 
chiasmata to be formed. 

Morphologically the multiple configuration in T. turgidum X B. W. is 
similar to one of the two in T. durum x B. W. (Figs. 7 and 8). The constant 
similarity in the morphology of the multiple configurations of both hybrids 
suggests that the two sets of four chromosomes may be the same. If this is 
the case, then T. durum has two more common segments on those four 
chromosomes which form another association of four (Fig. 2) with ‘ blue ' 
wheat than T. turgidum with ‘ blue ’ wheat. 

The frequent failure of the association of four chromosomes in T. turgidum 
X B. W. is due probably to the lower homology between the non-homologous 
members, as for the two types of configurations obtained there is only one 
fourth of chance that the fourth one can pair with its homologue. 

The above mentioned shows that the homology of the homologous chro- 
mosomes is higher in T. iui>gidum and ‘ blue ’ wheat than in T. durum and 
‘blue’ wheat ; the homology between the non-homologous members is inversely 
true for the two hybrids. 

In T. pyramidale x dwarf hill-wheat, the interchanges are not only 
short, terminal ones but are limited to two pairs of chromosomes. All the 
other chromosomes show normal pairing, except the inverted regions. 

B. Interference of pairing between configurations 

Among the 10 cells mentioned in T. vulgare x B. W., there are four cases 
wherein association of more than two chromosomes is correlated with an in- 
crease in the number of univalents as well as a decrease in the frequency of 
chiasmata. It seems hkely that chiasma formation between more than 
two chromosomes interferes with the chiasma formation of the other members. 
It is due probably to interference of pairing during the zygotene stage 
[Darhngton, 1937], This coincides with the finding in Matthiola incana by 
Armstrong and Buskins [1934] that the increase of multiple associations 
resulting from translocations and duphcations is correlated with the decrease 
in normal pairing. The fi’equencies of the multiple configurations, the uni- 
valents and the chiasmata for individual cells are listed in Table VI. 

The relation between the multiple configuration and the total chiasma 
frequency for every individual cell is detected by computing the coefBcient 
of contingency between the tw'o factors mentioned. The ‘ C ’ value and its 
standard error are 0-992 d; 0-005, showing that multiple configurations 
are negatively correlated with the frequency of chiasmata. The reduction 
in the chiasma frequency is undoubtedly due to interference in normal 
pairing which is a consequence of the formation of multiple configurations. 
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Table VI 

Distribution of multiple corifigurations, tmivalenls and chiasmata 


Cells 

1 

2 

3 

4 


6 ! 

7 

8 

9 

10 

Multiple config. 

1 

0 

0 

1 

! 

1 

1 

2 f 

1 

0 

1 

1 

Univalents 

5 

11 

7 

10 

i 

7 j 

10 

13 i 

1 

1 

7 ' 

12 

6 

Chiasmata 

36 

30 

32 

26 

1 

30 

27 i 

1 

25 1 

1 

1 

1 

37 

29 

32 


Ribbands [1937] in Lilium X tesiaceum found that there was no relation 
between the frequency of univalents and the chiasma frequency of the re- 
maining bivalents. The writers’ results show that the frequency of univalents 
is negatively correlated with the chiasma frequency. The value of ‘ rank 
correlation ’ and its standard error amounting to— 0-755 ± 0*136 show that 
the frequency of univalents is a net index of the failure of pairing which is a 
consequence of interference. 

Thus the interference caused by the formation of multiple configurations 
can be detected by either the chiasma frequency or by the frequency of the 
univalents. The frequency of univalents is positively correlated with the 
frequency of multijfie configurations and the chiasma frequency is negatively 
correlated with the latter. 

Interference between configurations other than the multiple configurations 
[Mather, 1936] cannot be detected because the separate bivalents cannot be 
distinguished. 

C. Structural changes 

1. Inversions. Bridges of the first division are due to crossing-over in the 
inverted region which results in an acentric fragment and a dicentric chro- 
matid Bridges in the second division are due to crossing-over in the inversion 
which results in a loop and an acentric fragment in the first division and thus 
bridge and fragment in the second division [Darlington, 1937]. 

(а) Number of inversion : The occurrence of two single bridges in one 
cell in T. pyramidale x B. W. indicates that there are two chromosomes pos- 
sessing inversion. In all the other hybrids except T. vnlgare X ‘ blue ’ 
wheat only one chromosome possesses such an inversion. 

(б) Size of inversion : The size of the acentric fragment equals the sum 
of the length of the inversion and the portion distal to the inversion [Upcott, 
1937, 2]. The small size of the fragment (Figs. 11,13 and 14) shows that the 
size of the inversion can hardly be large. 

(c) Position of in verson : In T, durum X B. W. the bridge is quite thick 
and the arms of the bridge are only a little bit shorter than the thick portion 
of the bridge (Fig. 9). Thus the container of the inversion and its homologue 
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probably have sub -median centromeres and the inversion is near to the end of 
the longer arm [Richardson, 1936 ; Upcott, 1937, 2], This is supported by the 
small size of the fragment. The chromosomes involved in T. durum xB. W, 
and T, vulgarexB. W. are probably similar members (Figs. 9 and 13). Another 
bridge (Fig. 12) from a different cell of T. vulgare x B. W. shows a different 
morphology. The chromosomes probably have median centromeres. If this 
is so, then T. vulgarexB, W. is heterozygous for at least two inversions. In 
T, sphaerococc/um x B. W. the inverted segment is near to the end of the 
longer arm of the chromosomes possessing subterminal centromeres (Fig. 14). 
It seems likely tliat the container of the inversion and its homologue are a 
different pair of chromosomes in comparison with T. durum X B. W. and 
T. vulgare x B. W. The two bridges are due to the two loops and two fragments 
of the first division resulting from a chiasma proximal to the inversion, which 
is disparate with respect to complementary chiasmata in the inversion. 

In T, pyramidale x dwarf hill-wheat the inverted segment is on the 
shorter arm, because the bridge is thin and the arms are, on the contrary, 
long and thick (Fig. 10) [Richardson, 1936]. The other chromosome pos- 
sessing an inversion has sub-median centromere (Fig. 11). 

The striking thing to which attention should be paid is that so for as our 
material is concerned no bridge formation occurs in T, turgidum X B. W. 
This logically follows that T. durum but not T, turgidum differs from ‘ blue * 
wheat by an inversion. Here again, a higher degree of homology is revealed 
between chromosomes of T, turgidum and ‘ bhxe ’ wheat than those of T. 
durum and ‘ blue ’ wheat. 

2. External interchanges. The details are mentioned under ‘ A. Configura- 
tions \ 

3. Undefined structural changes. The undefined structural changes result 
in the reduction of the frequency of chiasmata [Darlington, 1937]. The general 
difference of the chromosomes is shown in Tables II to V. The higher degree of 
homology between the homologous chromosomes of T. turgidum and ‘ blue ' 
wheat not only gives 0 • 45 more bivalents (in comparison with durum X B. W.) 
but also shows a higher frequency of chiasmata for every individual bivalent, 
every potential bivalent and a higher average total frequency of chiasmata per 
cell. In T, turgidum X B. W. 76 • 6 per cent of the total chiasmata is terminal as 
compared with 90*5 per cent in T. durum X B. W., in other words, 23*4 
per cent in the former and 9 • 5 percent in the latter are interstitial. Since a 
higher frequency of chiasmata, especially that of interstitial ones, is always 
positively associated with the degree of affinity, therefore, we have another 
evidence that phylogenetically ‘ blue’ wheat is more closely related to T, 
turgidum than to T. durum. 

The frequency of chiasmata in T. pyramidale x D. H. W. is nearly as 
high as that in T, turgidum x B.W. (Table III). It shows not only a similar 
distribution, bxit also a very close mean as compared with that in T. turgidum 
X B. W. A comparison of the bivalents possessing different number of 
chiasmata is shown in Fig. 15, and the distribution of total chiasmata for 
individual cells is listed in Table VII. 

Both the frequency of chiasmata per potential bivalent and that per cell in 
T» vulgare x B, W. are similar to those in T. sphaerococcum x B. W, ; but ip 
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the latter the coefficient of terminalization is somewhat lower. The distri- 
bution of total chiasmata for individual cells of the pentaploid hybrids is 
listed in Table VII. 



Fig. 15. Showing the comparison of the bivalents possessing diheit^nt luiinber of 
chiasmata 


Table VII 


Distribution of total chiasmata for individual cells 










1 







Ko. 

of 

cell* 

obser- 

ved 


Cliiasixiata 

25 

20 

27 

28 

29 

30 31 

i 

82 

831 34 

1 

1 

35 

36 

37 

38 

39 

40 

Mean AS. D.m 

Durum x B. W. 


1 


3 

4 

4 4 

2 


1 


■ 




20 

30 *16 ±0*460 

TuTQidum x B. W. 






1 , 1 

2 

1 

3 3 1 


1 

j 


3 



16 

S5*00±0*647 

Pyramided e x B. W'. 






2 

i 

2 

i i 

i 

1 

t 2 ^ 

1 

1 

2 




10 

34*40±0*812 

Vulgare x B. W. 

1 

1 

1 


1 

2 

2 

1 

1 

j 

i 

1 

1 




1 10 

30*40±0*194 

Sphaerococcum x B. W. 

i 

: i 

1 

;i 

1 

1 


1 

2 

j 

i 

1 

i 





i 

1 

^ 1 

29*e0±0*043 


D, Anaphase division 

1. Behaviours of univalents. The univalents are distributed at random 
and usually divide in the first and lag in the second division. They form 
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supernumerary nuclei during the tetrad stage, if they are not included in the 
daughter nuclei. 

In y. 'pyramidale X D. H. W. the univalent laggard may fail to divide 
(Fig. 16) in the first division. There is no doubt of its being a true uni- 
valent [Upcott, 1937, 1], Its failure to divide is due probably to a delay in the 
moving on to the equator [Darlington, 1937], 

2. Fragmentation of univalents has been observed in the second anaphase 
of y. sphaerococcumxB. W. (Figs. 17, 18 and 19), due probably to the mis- 
divisionof centromeres described by Upcott [1937, 1] and Darlington [1939]. 
Mis-division takes place in both divisions. A four-to-none type of division 
(Fig. 19) has been observed. They more frequently show normal division in the 
first anaphase and mis -divide in the second anaphase (Figs. 19 and 21). The 
mis-division of the centromere is due to the double structure of the latter 
[Darlington, 1939, 1940]. 



Fig. 16. Failure of division of a univalent 
lagged in anaphase I of T. pyramidale 
X ‘ blue ’ wheat 



Fig. 18. Mis-division of univalent. A 4-0 
type of division takes place in the first 
division leaving two centric and two 
acentric arms. Besides, there is, prob- 
ably, a free centromere 



Fig. 17. Mis-division of a univalent in 
second division of T, sphaerococcnm 
X ‘ blue ’ wheat 



Fig. 19. a univalent mis-dividing in 
the second division 
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Non-disjvmtion of bivalents 

2. Non-difijuiK’tion of Invabiits Iimh fiequeiitly been observed in 7'. durum 
X J3.W. (fig. 20). This is due to the presence of tlie interstitial chiasmata. 
distal to wjiicdi there is probably a change of homology whicli makes complete 
tenninalization impossible. This is similar to the tinding of Darlington 
[1931,2] in Oenothera and that of Philp and Huskins [1931] in MaUhiola. 

Formation of unbalanced gametes 

During the second metaphase of T. jryramidah x B. W. a plate showing 
« = 16 has been observed (Fig. 21). This is due, most probably, to non- 
disjunction of a multiple association of which the centromeres lie indifferently 
with one another. 



Summary 

Judging from the multiple configurations, the occunence of inversions and 
a comparison of the general frefpiency of chiasmata as well as the average 
number of bivalents. ‘ blue ’ wheat is jjliylogenetically nearer to T. tunfidum 
than to T. durum. 

The (xriMirrence of only f)ne a.ssociation of four and the high frecjnency of 
chiasmata together with the absence of wax as w'cll as the dwarf height of the 
plant wdiicli rarely exceeds 3 ft. reveal that dwarf hill-wheat might be 
related to T. pyramidale. 

The pentaploid hybrids between T. vulgare, T. uphaerococcum and 
‘ blue ' wheat show two multijjle configurations. The numbers of univalents 
are 8-8 for T. vulgare X B. W. and 8-4 for T. sphaerococcum X B. W. 

Bridges are observed in all the hybrids except T. turgidumx ‘ blue ’ wheat. 

The formation of multiple configuration is correlated with the decrease in 
normal pairing in T. vulgare X ‘ blue ’ wheat. 

Non -disjunction of bivalent and forniation of unbalanced gametes arc 
observed in the tetraploid hybrids. 

Fragmentation of univalents i.« observed in T. sphaeroeoccum x ‘ blue ’ 
wheat. 
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^STUDIES IN THE PERIODH^ PARTIAL FAILURES OF 
THE PUNJAB-AMERICAN COTTONS IN 
THE PUNJAB 


VTI. AMELIORATION OF TIRAK ON SOILS WITH SALINE SUBSOILS 

(SANDY LOAMS) 


R. H. DASTURf 

AND 

MUKHTAR SINGH 
Punjab Agriculiural College, Lyallpur 
(Rowived for publication on 28 Novombor 1941) 

(With Plates XXVII and XXVIII) 

I N ono of the previous contributions [Dastur, 1941] the ameliorative 
effect on the opening and jdelds of the application of the sulphate of 
ammonia to cotton jdants that developed tirak on account of a deficiency of 
nitrogen on light sandy soils was described. When the sulphate of ammonia 
was ai)plied to such light sandy soils the premature yellowing and shedding of 
the leaves did not occur in the crop, the opening of bolls improved and the 
yield of kapas w'as greatly incicased. A raj)id method of S})otting the de- 
ficiency of nitrogen in the crop called the ‘tannin test ’ was also dealt with. 
It was equally important to develop remedial measures for amelioration of 
lirak on soils with saline subsoil and intensive studies w'ere undertaken on this 
aspect of the problem. 

It has already been pointed out [Dastur and Sucha Singh, 1942] that the 
jiature of ‘ physiological disorder ’ that sets in plants grow ing on saline subsoils 
was different from that wLich occurs in plants on light sandy soils. In the 
latter case the remedial measure for such soils was simple after such soils were 
spotted. In the case of soils which have high salinity in the subsoil, the 
problem of removing or counteracting salinity at a depth of 3-4 ft. 
was rather difficult and complicated. The probable remedial measures for 
saline subsoils can be classified into three groups ; (I) There are ‘known’ 

remedies which w'ould counteract the toxic effects of sodium salts. Under 
this category may be mentioned the application of gypsum or any other 
calcium salt which would antagonize the toxic effects of free soluble sodium 
salts and which by a process of base exchange may replace the exchangeable 
sodium with calcium in the clay complex. The toxicity of sodium salts is 
known to depend on the physical texture of the soil. Higher percentages of 

•This work was done in the Punjab Physiological (Cotton Failnro) Scheme financed 
jointly by tho Indian Central Cotton Committee and the Punjab Government 

f Formerly' Professor of Botany, Royal Institute of Science, Bombay 
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clay or presence of organic*, matter in tlie soil may detoxicate th(^ sodium salts. 
Application of organic rnajuire like tlio fariuyard manure or the gr(M*n manure' 
like berseein or additions of siit (a substitute lor clay) wer(\ therefor(% 
regarded as possible remedies. Tlie use of inorganic fertilizers like* nitrogen, 
superphosphates and potash was also considered as they migfit not Ire avail- 
able to tlie |)lants from sucli soils. (2) Salinity in the subsoil may be washed 
down from tlie feeding zones of the roots by flooding such lields. Flooding 
may be coml)iried with ap|>licatiori of gypsum. (S) Measures by Mhich tin* 
occurrence of water deficit in the cotton |)lants at t he rcyrroductive stage can 
be either removed or avoided. This group would naturally include tlie extra 
applications of water to increase the amount of available water by keeping the 
non-saline ujiper surface moist and the reduction of the total leaf area of the 
plants by cutting down their vegetative growth. 

The aj) plications of these remedial measures become specially difficult 
on account of great heterogeneity that is prevalent in tlie Punjab soils. The 
intermingling of normal soils, saline soils and light sajidy soils in the same 
field, jiresents difficulties for applications of substam^es to countera(*t tlie toxic 
effect of sodium salts or of washing them down to lower layers by flooding. 
Salinity occurs in such an irregular manner tliat such measures would have t o 
be applied even where they were not required. As for instamte flooding may 
wash down the salts from tlie feeding zones of the roots in those pai'ts of a 
field where vsalinity is present in the subsoil but it would also leach the soil of’ 
important nutrients from normal non-saline areas, specially from the light 
sandy portions, and render them infertile. It is, therefore, necessary that any 
treatment tliat is either applied to the soil to (^onnteraef or to remove salinity 
in the sulisoil musf. be such as to ameliorate the soil conditions in tlie saline 
areas wdiile it does not at the same time in any way adversely affect either 
the soil conditions or the grow^th of plants in non-saline parts. If tiiis point is 
not borne in mind the removal of one evil may be accompanied by the creeping 
in of another. 

Another difficulty is that the treatments for counteracting the toxic effect 
of salinity must peneti'ate to a depth of 3 ft. or more in order to prove 
effective. That would render their use impracticable as well as uneconomicaL 

iNVESTIGATIOlSr 

The occurrence of tirah was noticed in the cotton season of 1930 in 
afield at the Lyallpur Agricultural Farm. The soil conditions and the 
behaviour of the plants growing on this field were studied, side by side. The 
positions of the normal and tirah jiatches w^ere carefully marked and the soil 
conditions under normal and tirah crop were investigated. It was established 
that tirah had developed in regions wdiere the subsoils were saline while 
the subsoils under normal crop were non-saline. This field measuring 
138 ft. X 288 ft. was, therefore, particularly selected for the trial of the 
remedial measures of the type discussed above, in the cotton season of 1938. 

The ameliorative treatments were : (1) flooding, (2) gypsum + flooding, 
(3) inorganic fertilizers {sulphate of ammonia superphosphate) after 
flooding, (4) gypsum -f flooding + inorganic fertilizers and (6) farmyard 
manure followed by flooding. The sixth trea tment was control, 
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Witli tlie exception of inorganic lertilizerH, the other applications were 
made far in advance of Bowings. Cypsum was added in two doses of 500 lb. 
each per acre in December, 1937 and January, 1938 followed by flooding 
each time. Flooding was also started from December. Each time the land 
came in ivattar it was ploughed up. Flooding was done three times before 
watering for sowing was given, Farmyard manure was applied at the rate 
oi 10 tons per acre. The sulphate of ammonia was applied at the rate of 
50 lb. N per acre and the su])erphosphate at the rate of 150 lb. Po before 
sowing, thus an attempt was made to include all the remedial measures of the 
first two categories. 

The remedial measure of tlie third category was also tried. The idea 
was to cut down the leaf area by reducing the vegetative growtli and the 
most natural way to accomphsli this was to defer sowings l)y one month as 
compared with the normal sowings. As a preliminary trial the inclusion of 
two sowing dates as treatments was, therefore, considered desirable. Tlie field 
was divided into four blocks. Ea(‘h blo(‘k consisted of two main plots for 
the two sowing date treatments. The main jilots were subdivided into six 
sul)-|)lots to whicli were assigned at random the six treatments enumerated 
above. It was, therefore, a split plot design with eight main plots consisting 
of 48 sub-j)lots of 1 1 HO acre eacti. 

Thus it would be normally expected that the most precise information 
will 1)0 obtained on the six sub-plot treatments wliile the information that 
would be olitained on sowing dates wdll be less |)recise as they were allocaited 
to the main })lots. Unsown interstrijis were kept in betwecm sub-])lots to 
a void shading and seepage effects. 

Sowings were done on 5 and 6 May, and 7 and S dune in the early 
and the late sown plots res])ectively by dibbling as the small size of the 
sub-])lots did not permit the use of a hand drill. Eight seeds per hole were 
dibbled at 2] ft. < 2| ft. distance. Each hole was equidistant from the six 
surieimding holes (ecpiilateral system). On aeeount of a heavy shower of 
rain on 12 tlime, received soon after germination, the late sow n plots had 
to be resown on 15/16 June. Thus the two sowdng dates under trial 
were 5/6 May and 15/16 June. The plants were finally thinned to two 
|)lants j)er hole. The early-sowm cro|) received in all eight waterings, wliile 
the late sown received six waterings. With the exception of the first tw^o 
irrigations t-o the early-sown croj), sul>se(|uent iiTigations were given on the 
same day to both the sow ings. The last date of w atering for botli tlu^ sowings 
Was 18 October. 

The croj) in each plot w^a-s under close observation throughout tlie season. 
Nothing abnormal was notic^edin the condition of the plants under each 
treatment uptil September w hen tlie May-sowm cotton plants began to show 
drooping of leaves. The droo])ing of the leav^es in tlie May .sowui plants 
occurred irrespective of the six ameliorative treatments in all plets where tlie 
subsoil w^as saline while droo])ing of leav^es w\as not noticed in any one of the 
plots w hi(*h were sowm in June. Thus one of the symptoms of ‘ disease ’ w’^as 
markedly absent in the June-sown ()lots indicating that reduction in leaf 
area prevented the (levelopmeiit of the water deficit tliat occuri-ed on such 
soils. The June sow n plants were much smaller in size and r‘onsequently 
produced less foliage than the May-sown crop. 
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Drooping of leaves was followed by excessive defoliation of the May- 
sown plants while shedding was much less in the June-sown crop under 
similar conditions as compared with the early-sown crop at the same stage of 
morphological development of the plant. The leaves of the two sowings 
presented striking differences in colour and appearance at fruiting. They 
remained green and fresh in the June-sown plants and dull and blackish green 
in the May-sown plants. 

At the time of flowering and fruiting the two sowings exhibited other 
important and distinctive features that deserve mention. A delay in sowing by 
al)out 40 da^^s shifted forth the onset of flowering by about 12 days only. Tlie 
flowers wei e mostly confined to the tips of the branches in the May-sown plants ; 
the lowermost nodes of the main stem did not directly produ(?e the fruiting 
branches whicl) were located high up on the main stem and the secondary 
branches. In the June -sown plants the sympodia arose directly from the lower 
nodes on the main axis and the flowers did not, tlierefore, appear aggregated 
at the tips as they were widely spaced on them. The growth of the fruiting 
branches was more vigorous in the late-sown tliau in the early-sown crop and 
HO the succcKSsive flowers were separated by longer internodes in the former 
(Plate XXVII, figs. 1 & 2). 

The most reliable criterion to judge tlie quality of oi)ening of the bolls 
is the weight of seed cotton per boll. The bolls that are badly opened (i.e. 
the bolls oi tirah plants) contain immature seeds and poor lint and, therefore, 
the weight of seed cotton per boll falls. Contrariwise, the maturity of seed 
vvould be roficctcdinraisiiig theweight ofi^/pat^of a boll and will bo indicative 
of good opening. It was, therefore, undertaken to determine the effeci of 
different treatments on the w'eight of seed cotton per boll. Two units of 
live ])air of plants each were tagged at random in each sub-plot for this 
pur|)oso. The number of opened bolls from these sam])les and weight of kapas 
|)rodu(?ed by thmn were recorded before each ])icking. The yield of t]u‘ 
experimental area in each sub-plot was then weighed and recorded. 

Nodal counts and height measurements of the individual plants tagged 
lor boll weiglit in each sub-plot were taken when pickings were over. There- 
after the number of sticks and their weight were determined plot by plot. 
These determinations would provide information on the growth made by the 
plants under two sowing dates and the six sub-plot treatments. With these 
rec*ords the weight of seed cotton produced by TOO gm. of stem dry matter can 
l)e computed to get an idea of the efficiency of tlie cotton plants for jiroduc- 
tion of seed cotton under different treatments. 

The data (*ollected were subjected to statistical analysis, J'he tables lor 
ana lyses of variances are given below (Table I). A summarized record showing 
the nature and magnitude of the effect of different treatments is presented 
in Table II. The differences between the two dates of sowing came out 
highly significant in all determinations despifo inadequate replication while 
the sub-plot treatments did not differ significantly among themselves. The 
interaction of sowing dates with sub-plot treatments was non-significant in- 
dicating no differential behaviour of time of sowing with the sub-plot 
treatments. 
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PLATE XXVI 


-f ■* K - .J ^ • 


*' ( - I, / . 

<•. ■ ll ■ -'M , 


\ \ 


J. Earlv-sown (5 Max ) 4.F P.-A. potton ])laiit {l(‘iiv(‘s sliowin^ tluit flowers 

and bolls aia' borne nea r tln‘ tij)s ol main stem and branehes 



Fio. 2. Laie-sown (lO June) 4F P.-A. cotton |)Ia,nt. (lea.V('s removed) showing lliat ilovv<u'S 
and Foils are not aggregated at the top, but ar(‘ borne at the lower 
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'Signifl<mnt at 6 per <»nt level of liipiiflcaiioe 
^Significant at i per cent level of significance 
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Table II 

Treatrmni effects on the vegetative and the reproductive characters 

Experimeat I 



Control 

' 1 

j 1 

Gypsumi I'lood- i 

ing 1 

: i 


1 Mcaiw 

Gyimiu ;r. V. M. for sow- 
-h NP 1 ing datea 

1 

May-sown (,1>1) 

! 7*5 1 

Average yields in lb. per plot 

8-3 ' 9*2 1 8-2 ' 7-8 ] 7-5 

8*1 

June-sown (D2) 

15*3 

U-2 J4-7 

16*4 

15*4 13*6 

14-1 

Alcan 

11 -4 

11-2 12*0 

12*3 

11*6 ^ 10* r> 



AlHy-funvn (Dl) 
.hiiie-sowii (1)2) 

JMeaii 


May-sown (DJ) . 
.1 U!ie*80WB (1)2) 
Mean 


A verage No. of boUi per hole 


' 28*9 1 

31* 

1 

2.5 • 7 1 

31' 

*2 

26*2 1 

: 28*2 i 









! 1 

15* 6** 

43*5 

42- 

1 

1 

47*7 i 

j 44 

•0 

42*7 

' 43*8 i 


36-2 

i 30* 

■8 

1 30*7 

1 

37 

•6 

34*4 




t 8a milling error iiur plot 10* t) per cent of the mean 

Average weight of seed cotton per boU in got . 


1*80 

l * 9 i > 

1*96 

1*78 

1 • 86 

1*87 

1*88 

2*35 

2*20 

2*32 

2*42 

2*29 

2*21 

2*30 

2*12 

2*07 ' 

2*13 

2*10 

2*07 

2*04 



Sampling error i*er plot 5*9 per cent oi the mean 
Average height in cm. per plant 


A! ay -sown (1)1 ) . 

101*0 

109*6 1 

109*4 

103*4 

! 100*6 

lOl* 8 

)04*8 

18*5* ■ 

14*8**^ 

June-sown (1>2) 

85*4 

84*3 j 

83*1 

80*9 

' 92*3 

82*7 

86*3 



Mean 

OJ*.") 

96*9 1 

96*3 

96*6 

96*6 

96*5 

... 

i i 



tSampling error per plot ™ 3 

4 per cent of the mean 





Average 

weight 

of stem 

per hole 





May-sown (DJ ) . 

283*3 

311*5 , 

1 

334*5 

353*8 

311*0 

294 * 5 

319*3 

144’ 7** 

115*6. 

June-sown (1)2) 

L81*3 

152*5 j 

162*0 

180*0 

189*0 

173*0 

174*6 



Mean 

232*3 

247*0 

248*0 

266*9 

' 255*0 

233*8 






iverage seed cotton per 100 gm. of stemt 





May-sown (Dl ) 

■ 19 

16 

19 

10 

i 

19 

17*6 

’ 42' 9**; 

17' 29 

June-sown (1)2) 

60 

67 

04 

65 

51 

1 56 1 

(i0*5 

1 

... 

Moan 

39*5 

41*5 ; 

41*5 

40*5 

34 

; 37*5 





♦Significant at 5 iH)r eent level of significance 
♦♦Signillcant at 1 per cent level of aignificauce 
♦♦♦(j- 1). at o iier cent levt l of significance 

tSamplingerrors per plot for various dotermiuatious wore of an order so as to justify tliat the samples drawn 
were fairly ri.Mu escntath e of the luitire plots. Tho conclusioiia drawn wore, therefore, applicable to tluj entire plots 
J Low sampling (;rror f(»r hciglit indicates tiiat this clmractiT is i<*ss \ ariable than boll number or WTdght of seed 
cotton piT Poll 

Tlie jierformaiKje of deferred Howing wm Huperior to May sowing in ease 
of yields, boll nuTnliers and the weight of seed cotton per boll. As already 
nientloned the late-sown plants did not exhibit tlie tirah syniptoniB, viz. 
(h*ooj)ing of leaves and their premature shedding. As tlx^ opening of tlie 
bolls in the late sovMi (d oj) was significantly snjierior to ojiening of liolls in the 
May-sown cron, the maturity of seeds in the bolls in the former case was 
greater tiian that ol the latter. Apparently the nieiiii value 1*88 gm. for 
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weight of seed cotton per boll is high lor a tirah crop. But that was due to 
two reasons ; firstly, the field was fallow during the [)revious year and received 
a lot of preliminary tillage and, secondly, the soil was not uniformly saline in 
the subsoil over the entire field, Salinity in the subsoil w as present in 
patches only, while non-sahne areas were sf^attered about at random in- 
between portions having either low salinity or no salinity in the subsoil. The 
weight of seed cotton in the plots w heie tlie soil was saline had gone down 
to 1*0 gm. per boll but that was not the case witli Ibe late-sown plants under 
similar soil conditions. This differen(*e was rellecded in the average weight of 
seed cotton j)er boll in the June-sow'ii croj). 

Evidently tlie late sowing had reduced tlie vegedative gi'owth as the 
height ])er ])lant and stem dry matter per plant were significantly lower in the 
late-sown ])lants than those attained l)y the May -sown . 

The late sowing had definitely ameliorated iirak and tlie c*once[)tion of 
reducing the leaf area of t lie plant so that water defi(;it in the cro[) may not 
arise was found to hold good. 

The efficieiK^y for production of seed (nttoii in the late-sown ero]) appeared 
to be significantly higher than that of the early-sown cro]>. The proportion 
of seed (*otton ]>rodu(ed per unit dry matter of stems was much higher in 
tlie late-sown than in (^arly-sown plants. This is in)i)ortant as wdiat was 
required w as moie of seed cotton rather than of the vegetative growth. 

The ameliorative efi'ects of similar treatments for counteracting the 
deleterious efiects of salinity in the subsoils were again studied in the same 
field in 11)39-40 cotton season. Sownig date was omitted from the experiment 
as its effect on fimk was studied in a separate exfieriment to he described 
later. This ex|)eriment was repeated with some changes in tlie nature of the 
treatments. Tlie plots under fiooding in the jirevious year were treated witli 
canal silt at the rate of SO tons per acre. The plots receiving farmyard 
manure in the previous year were green manured at the rate of 10 tons per acre. 
The treatment gypsum and inorganic fertilizers of J 938-39 \\as substituted 
by green manuring supplemented by the same inorgani(‘ fertilizers, the latter 
given as a split application in two equal doses (half at sowing and half at 
fioweiing, total (|uantities added being the same as in the previous experi- 
ment). 'ITie remaining three treatments were the same. viz. gypsum, 
nitrogen and phosphorous, and control and they were fillotted to the same 
filots. On account of the omission ol* sowing dates eight ie])licates of six 
treatments could then be jirovided. Tims the layout was a sinqile rando- 
mized block aiTaugement . 

The drooping of tlu* leaves began to bo noticed by the beginning of 
September in all plots w here the subsoil was saline irresjiec'tive of the treat- 
ments giv(ui. As the season advaiu^ed it was evident that the drooping oe- 
eiirred on larger areas of the field and was acuter in form in this season than 
it was found in 1938-39. The /imk had sjiread to [larts of the field w liich had 
escaped in the }>rc\ ions season, 4’'he same w as tlie case when tlu' l>o11s ojicneil. 
Bad opening w as luon* jironounced and widespread in this season tJian in tlie 
previous om‘. Thus tlie //m/' was more intimse t han w hat it w as in the 
previous year. Tliis aggravation in //m/r as already (‘x]>lained in t he pr<‘vious 
eontribution [Dastur and Sainant, 1942J was due to a continuous spell 
of very dry and warm w eatlier that prevailed in September and Octolier. 
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The water dehcit in the crop was accentuated by weather conditions and 
caused symptoms to develop on soils which had low salinity in the subsoil. 

The number of bolls per plant, the weight of seed cotton per boll, the 
yields and the weight of stem dry matter were recorded as before. Statistical 
analyses revealed the treatment variance to be of the same order as the error 
variaiK^e in (;ase of l)oll numbers, weight of seed cotton per boll and 
yields. As the ' is ’ test indicated that the treatments were not significant 
it was not (considered worth while to proceed further with the statistical work. 
The mean values for yields y)er ])lot, for the number of bolls per plant and for 
the weights of seed cotton |)er boll are given below (Table III). The general 
level of yields was very low because of severe /iral\ 

Table III 


Treatment effects on yield, boll number and boll weight 
Experiment II 



(.'ontroi 

(lypsum 

1 

Silt 

Caecn 

manure- 

! 

j 

i 

(ilreeiJ ‘ 
maimre i 

4-XP i 

! 

Mean 

' 7r 

Yields iu lli. jier plot. 

2-01 



l.'71 

1 

2-7J I 

2' 38 

X. s. 

Xinrilxir of bolls per j 
«<(• yd. 1 

40-8 

40-5 

1 

52*0 : 

38* b : 

50*6 1 

51-0 1 

fli * 5 

N. S. 

Weight of setMi cottoi) 
in gin. per boll 

0 •('.{) 

i) • 87 

1 

0*7b 

1 

b'Oo i 

1 

i 

_ 1 

u*81 ' 

i 

0-77 

X, s. 


No ameliorative effect of any one of the trentinents was found either on 
ojjening of the bolls or the yields as was the case in the ])revious year. 

The magnitude of differences between the yields and weights of seed 
cotton of the May -sown crop in the two seasons 1938-39 and 1939-40 were 
great as can be seen by eomj)arison of Table III with Table II. 

A 2^ factorial experiment was designed in all combinations 

(l)0 (s!) (w.O (n) sown on 14 May, Do = caop sown 

on 21 June, — (dose spacing 2 ft. X 1| ft., 8^ wide spacing 2| ft. X 21 ft., 
VVj ■ ^ normal watering, Wo — heavy watering in September-Octobor and 
N : 50 lb. of nitrogen in the form of sulphate of ammonia applied 

in August, The layout (shown in the Appendix) was a 8 x 8 quasi -Latin 
s(|uarc. All tlie four se(^ond order interactions were partially confounded 
with tlie soil differences of columns and the third order interaction was 
completely confounded with the soil differences of the rows. Thus an attempt 
was made to minimize the effect of soil heterogeneity by eliminating tAvo-way 
systematic soil variations. The size of each sub-plot was 1/113 acre for 
sowing. 

Observations on the crop under different treatments showed that the 
drooping of the leaves occurred from middle of September in the May-sown 
crop in plots with saline subsoil. This was confirmed by analyses of soil 
samples. The drooping symptoms were greatly reduced in such plots that 
received heavy waterings. No such drooping of leaves was noticed in plots 
which were sown in June (Dg). The drooping of leaves was followed by shedding 
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by the tirnt week of October. The boils in such plots cracked and opened 
badly. 

It may be recalled here that the spread and intensity of tiralc were also 
greater in this field in this season of 1939-40 as compared with the previous 
season, i.e. 1937-38 when cotton was grown in the same field. 

In a couple of plots the June-sowm crop was as badly opened as tlie 
May-sown, showing no ameliorative efiect of late sowings. Siu‘h plots w^ere 
found to (contain a greater percentage of sand than others in the first 2 ft. 
of tlie soil and small amounts of alkalinity jnesent within 2 ft . of the 
surface were found to be toxic to the roots. The early and late-sown plots 
did not make normal gi-ow th. T'hey were stunted in growth and ])i‘oduced a 
crop of badly opened bolls. Exce|)t for such |)lots or portions of sueli plots 
late-sown ci‘o|) did not show tirak. Statistical analysis has, however, been 
carried out without rejecting such plots. 

The number of bolls per plant and the weight of seed cotton per boll 
were determined from dupli(^ate random sam|)les. Each samj)]ing unit 
conijirised of six holes (two ])Iant8 per liole) in 8j and three lioles in Sg sub- 
})lots. The yield, the height and the weight of stcnns were taken as before. 
The data for w'eight ot‘ seed ]>er boll, the yields and the dry matter of steins 

Table IV 
A nalyms of variances 

(2* (‘orjf'oun(l<‘d ct sipi in 8X 8 quasi- Latin s(juai’»', 1939-40) 


Wf'iiilif yA' kupux ])(;r of kapusi l>r> wOght of 



Mu 1<> 


j). r . 

Muari 

1' 

Mcjni square 


, Mean «tiiiare 

J 

Kows 






20**0547 


t 

S22‘i8 






0*2203 


28*3832 


2280*02 


0 



1 

l•1250 

•oo** 

2* :{8:m 


1 27J21'97 

29(>*17** 

w 



i 

(»’0»0i>2 

*3S* 

191 *1052 

10* 00** 

1 285*19 

3* n 




1 

0-0^25 


2*7180 


1 8*31 


s 



1 

U*2fM)5 


191*5802 

JO* 03** 

1700*72 

18*03** 

n. Nv 



1 

ar)40S 1 

JO* 

105* 7335 

9* 193* ♦ 

305 • 29 

3*99 

1). X 



1 

0*0205 


10* 7339 


J *79 


i). s 



1 

0*(MU4 


33*1920 


87 * J 9 


W. X 




1 0*0001 i 


4*0251 


1 

! 21*27 


w . s 




0*0800 ; 


5*6228 


36*75 


X. s 



1. 

> 0*2945 


70*0100 

4 * 22* 

57 • 1 9 

■ 


U. W . X 


1 

1 

• 1 

i 'I 

0*0117 


0*8374 


121*00 


1 ). w. s 



1 ' 

j 0*4320 

i 

50*8981 


' 410*07 


n. N. s 


1 

1 ^ 

1 0*U)26 


11*0784 


; 24*80 


W.X.S 

• 

, 1 

1 

i 0*3927 


8*2751 


0*31 


Error 



1 35 

; 0*1299 


18*0277 


91*57 1 



• Significant at 6 per cent level of algnlftcance 
mgntllcant at 1 per cent level of tlgnificance 
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were analysed by the nietliod appropriate to the design. The details of 
analyses of variances arc given in Table I V. The significant main effects 
and interactions with respective standard errors are sliown in Table V under 
appropriate subheadings. 

Table V 

Summary tables showing main effects and significant interactions 

Experiment III 


Difforcncc 
with S. ifi. 


I -*4I*17i2'3d 


-0'72i-2-39 




DifCerenct; 


Treatment 

Average 
weigiit of 
kapas per 
boll in gni. 

Dilftjronce 
wiili S. E. 

Yield in 

maunds Difference 

I>er acre w ith S. E. 

) 

Weight of 
stems in 
maunds 
I)cr acre 

1), . 

1-47 


13-82 

22*92 



0-18 1:- 064 

0-391-1-06 


l>i . . . 

1-29 


33- 43 1 

64-09 


1*45 

« 

15-35 ** 

45-62 



U- Hi; -064 

3- 40 i 1-00 


1 w. . . . 1 

1-31 


11-89 

41*4 

- IS . . . 

l-3(; 

! 

13-41 

43*15 



™0*03i_-064 1 

“0-17±l-0() 


0 . 

1 - 39 


13-82 

43-87 

Si . . . 

I * 43 

i 

15-35 ** 

48-67 



0- l()i0-64 I 

3-46±1-(K) 


.S, . . . 

1-3:; 

! 

1 1 - 89 

38-34 


Differ* 

euee 

( L O-OOO 


Differ- i 
D* ence 
(*j:l •;»()) ' 


W , 

Difference 


; i-42 : D 48 

i : 

I (*10 I 1 • h) 

i I 

l)•27**l *(>2 


|Diifer- ()*0H** 
I enc<! 


! 0*21 
1 *:)<i 


■■'I'm \ w, 
ra-Cl*' Wi 


68*0 122 *(>5 --*45 -or*** 


Diirer- 1 0-0*!- •:* 

i cure { ' 

1 i ±5-:i8 


♦ at 5 per c(-iit level of sii^nifleauec 

•* Siguillcant at 1 per cent level of wiguifleance 

The three treatments hich were tried for amelioration of’ tirak were : 
(1) deferred sowings, (2) heavy watering and (3) application of nitrogen. The 
last was inc'luded only as a pre(*.autionary measure though it has been akeady 
shown that deliciency of nitrogen is not the cause of bad opening on these 
soils. A study of Table V wall show that both the ameliorative measures 
deferred sowings and heavy waterings, significantly increased the weight of 
seed cotton per boll indicating better o])ening of bolls, i.e. less of tirak. 
The interaction of sowing-dates w ith w aterings (D.W) was significant showing 
tluit opening of bolls in May-sown crop w as greatly improved by heavy watering 
wliile the late-sown (?ro]) show^ed no further improvement in opening by extra 
application of water, as the improvement in ojiening ol)tained by deferred 
sowings w as of a high magnitude. The j^lants under late sowings did not also 
require extra water as no disturbance in the water liaJance ocHmrred in the 
late-sown caop. iiiis was indicated l)y absonee of drooping of leaves in the 
late-sowiiig. Nitrogen, ascxjiccted. had no effect ofi the weiglii of seed cotton 
))er l>oll. Tlius the two remedial measures late sowing and heavy watering 
at the fruiting stage |>i-oved effective in improving opcjung of bolls, the former 
to a gieater extent than the latter. 
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Tlie ganoralized offeet of watxjring on yields wits sigiiifi(raiii at I per <^eid 
level of significaiK'e and the interaotioii si>uing date c atering was also 
signilieaut. TIk? eariy-sow^n erop profited < (>nsifJerat)lv by extra applica- 
tions of water while no benefit aecriiod to tlu^ late sown. The irujrease hi 
yield due to heavy watering in the former was r»* 0 ind. per acae w hile the 
increase was jiractieally nil in th(^ laitm*. Thus extra watering had helped 
the early-sown crop in iruTeaBing both the yields and tlu^ w(a*ght of (‘otton 
per boll while no similar advantage fioin heavy’ w ater ing w as derived by th(‘ 
late-sown in any (;ase. 

The generalized effe(‘t of spacing on yields was [lositive and significant 
indi(;ating that flie yield under close spacing was higher than that under 
wide Sfiacing. 'rhough the interaction of dates and spacing (D. 8) did not 
caime out significant, the following data (Table Via) would show' that the 
late-sown c-rop benefited more by clc3se spacing than tlie early-sown. The 
main effect of spacing derives its significance from the signifi(‘ant effect of close 
spacing in 1)., only, the effect of ciose s])acing nnder Dj alone being non- 
significant. 


Table VI 

Interaction of sowing date with spacing on yield and the effect of sowing dates 
on waterings on the efficiency of the plant 


{a) Average yield Ui maunda per acre 


{b) Sml cottx>n p(^r 100 gin. of stem weiglit 
(effldency) 




i 

1)1 

1)2 

1 

1)1 

J)2 

Mean 

HI 


1 

1 

! 

14*44 1 

16 '27 

W1 . . . . 1 

. 

17*21 

I 60*9 

39*05 

S2 


, i 

1 

12*42 

11*36 

W2 . . . . : 

25*24 

64 * 59 

44*92 

SI — S2 


1 

-f 2*02 : 

-I-4-91** 

Mean . . . . | 

21*23 j 

62*74 



•* Significant at 1 per cent level of aigniflcance 

As the early-sown plants were benefited more by watering than the late- 
sown plants and as wide spacing had acted against the late sowings, the 
generalized response to sowing dates was small and non-significant. As the 
interaction of sowing dates and watering was significant, no importance 
attaches to the generalized effects as such. 

The interaction of spacing with nitrogen on yield was found to be signi- 
ficant. This was due to an anomalous decrease under wide spacing in the 
presence of nitrogen. It is possible that some of the plots with wide spacing 
and nitrogen came on soils wliich had high salinity in the subsoil. 

The effects of sowing date on growth characters confirmed the conclusion 
already reached that late-sown plants remain stunted and produce compara- 
tively less dry matter. Heavy waterings increased the weight of sticks 
significantly on early-sown only, thus bringing out a significant interaction 
between sowing date and watering. 
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The efficiency of plants for production of seed cotton was worked out in 
this experiment also. The effect of heavy watering and late sowing on the 
proportion of seed cotton produced per 100 gm, of stem dry matter is given in 
Table VI (b). Obviously the late sowing influences the efficiency of plant for 
seed cotton production. Watering is also effective hut cannot compete 
with late sowing in this respect. 

The ameliorative effects of deferred sowings on tiralc. occurring in soils 
with saline subsoil was further determined in another experiment arranged 
at the Risalewala Seed Farm, Lyallpur in the cotton season of 1940-41. The 
experiments discussed in the foregoing pages were conducted with 4F Punjab- 
American cotton variety only. It was, therefore, necessary to extend the 
studies by introducing in sucli experiments a number of desi and American 
varieties. Such a study would disclose not only the relative resistance of 
different American strains to tiralc, if any, but also their suitability for 
adoption for late sowing. 

Accordingly 18 varieties, 15 Americans and three dms were included in 
the experiment. Out of the entire lot under trial, there were six commercial 
varieties, four Americans and two Desis while the rest jvere newly evolved 
promising strains which w'ere kindly sujjplied by the (*otton Research 
Botanist, Lyallpur. 

The layout conformed to randomized blocks design with sub-plot anange- 
ment. The entire area consisted of six blocks (320 ft. x 119 ft.) of four 
main plots each (80 ft. x 119 ft.). Four sowing-date treatments were dis- 
tributed at random to the main ])lot8 within each bloch. Two rows of 
119 ft. length for eacli of the 18 strains were accommodated in each main 
plot. The position of varieties within each plot was perfectly random. 
Non-experimental belts were cut out on all sides at pickings to avoid bcjrder 
effect to the main-plot treatments. There was no scope for the provision 
and subsequent rejection of edge rows to eliminate border effect on varietal 
cjomparisons. The marked recluction in the standard error of the varietal 
comparison by split plot arrangement, however, dispels the possibility of any 
considerable border effect influencing the sub-plot treatments. The experi- 
mental sub-plot measured 100 ft. 10 in. X 4 ft. (1/108 acre). 

Sowings were done on 8 May, 23 May, 7 June and 23 June in Dj, Dg, Dg, 
plots respectively. At the time of thinning, the plants were spaced closer 
and closer as cotton was sown successively later. The spacings adopted for 
the different sowings were : Dj = 2 ft. x 2 ft., Dg — 2 ft. X 1| ft., Dg = 2 ft. 
X 1 ft., D4 = 2 ft. X 9 in. The first and the second sowings received in 
all eight and seven waterings respectively while each of the June-sowings 
was given five irrigations, i.e. three irrigations less than the first sowing. 
Except for such additional earlier irrigations to the May-sown plots, it was 
so arranged that subsequently aU sowings were watered on the same date. 

Yield records were maintained throughout the picking .season. Deai 
varieties have to be picked every week and thus it w'as not convenient to 
record their boll weights in this experiment. Boll weight determinations 
from sampled plants weie, therefore, confined to 16 American varieties of each 
sowing. 
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A study of analyses of variances (Table VIT) revealed that there were 
significant variations among the four sowing dates in case of yield as well as 
weight of kapas per boll. The varietal coinpaiisons were also highly signi- 
fi(!ant on both of them. The interaction ‘ dates X varieties ’ attained signi- 
ficance in yield only. 


Table VII 

Analyses of variances {suh-phi basis) 

(Varietal and sowing-date oxporimnut at Risalcwala Seed Farm llHO-41 ) 


Diu* to 

D. F. 

Boll woi^hl 

Mono Kcpiiur 1 F 

i 

i 

j - 

1 1 ). F. 

1 

I 

ka pds 

^Inin sfjiij»r<' 

j 

1^' 

IVlocks 

5 

2 -uoftfi : a 5 

48-5325 

2 -410 

Datf'H 

a 

l 2 -fU) 2 <)()i l8-6ai** 

3 

Ilt>-2191 

.-.•701** 

Error (a) 

15 

0-G801 

15 

20 -OtlfKA 


Mil in plot s 

Vark‘ti<'s 

14 

' . . 23 

! i 

l-]r)44 13 -340**1 17 

i 140-4178 

70 •223!»** 

V D . 

42 

0-087« j 

5 1 

5 -7s7i) 

2 ■.■)73** 

1 

Error (6) 

1 

280 

0 •08(i.5 : 

340 

2 -2400 


ComjmnmU of the sim> of sqwire^s due. to dates of solving 



1 

27 LWO i 3!)-»34** 

1 

135-2025 

ti -14 * 

1 J)g VS. i 

1 

8-1421 j 11 •972»* 

1 

; 

203-7fiir. ' 

10 •1.53** 

D^-fDa vs. D* 1 

J 

2-r>007 1 

1 

1 

!)-6332 j 



* Significant at 5 per c<*nt lev(d of signiticanct' 
** Significant at 1 per cent level of significance 


The total sum of squares attributable to the three degrees of freedom for 
the sowing dates was further split up by regarding them as qualit y treatments 
and the contributions of orthogonal components were tested against the error 
variance (o). The last two sowings were found to differ from the first two 
significantly and the differences were relatively much more pronounced on 
boll size than on yield. The behaviour of the central sowings was also .signi- 
ficantly different from the two extreme sowings. It is, therefore, necessary 
to proceed to the detailed Table VIII to grasp the nature and magnitude of 
tbe effects of the variables under study. 
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There was a progressive rise in the vveiglit oi' kapas per boll with the 
in soviing upto ilie third sowing beyond w hieli there was little efieci. 
Thus a \v<vU marked opiinnnn towai'ds the .fiine sowijigs was (‘l(‘arly brought 
out with res])e(‘t to the ofuming of bolls. The magnitude of increase was 
Hiiffieiently higln The sowdng dates stood in the order I);j, 1)^, 1).^, ac^cordiniSf 
to merit and this order remained virtually the same in tlie difi’enMit varieties 
taken indi vidua lly . Tins aeeou nted for the non-significant interacrtiui \ 
betw^een the two factors. Improvement in opening in all the varieties was 
brought about to the same extent by delay in sowing. The mean boll weights 
of the varieties showed significant variation among themselves. This 
indicates inherent varietal differences in boll sizes of the different strains. 
Boll weiglit is a composite measure of the all-round deveIoj)ment of seed and 
lint of a given variety but higher boll w^eights in certain varieties in eom- 
parison to others, do not ne(*essarily imply a (orres})onding reduction in the 
percentage immaturity of seeds. Varieties having large and fuzzy seeds 
may suffer to the same extent Vjy tirak and yet may possess markedly liigher 
seed weights due to moie of non-essential parts, as compared with non -fuzzy 
strains under similar soil conditions. 

Table VIII 

Results of the experiment at Risalewaln Seed Farm, 1940-41 
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The optimal value for yields was obtained in the third sowing after 
which there was a tendency for falling off in the effectiveness of further delay 
in sowing. This was attributable to a dimunition in the boll number per 
unit area caused by a reduction in growth and also by some jassid attack in the 
last sowing in the susceptible varieties. Even then the mean yields of the 
fourth sowing were higher than those of the first sowing and compared favour- 
ably with those obtained from the second sowing. The varieties susceptible 
to jassids attained an earlier optimum in relation to sowing date than others 
resistant to them. This explains partly the significant interaction. 

Conclusions 

The results discussed above clearly indicate that tirak occurring on soils 
which have a saline subsoil can be ameliorated by either reducing the water 
requirements of the crop by means of deferred sowings or by applications of 
extra water from the beginning of the flowering phase so that upper non- 
saline layers may adequately meet the demand of the crop. The first re- 
medy of deferred sowings is to be preferred to the second as the former enables 
the crop to meet its own demands for water without exteimal aid. The 
former is also a more practical remedy than the latter as the water supply is 
usually limited. There is considerable observational and experimental 
evidence to support the view that the late sown crop is better adapted to its 
edaphic and climatic environment than the early-sown (May -sown) crop. 
The late-sown croj) shows no symptoms of water starvation and consequently 
is able to mature its crop of bolls under saline conditions of the soil or un- 
favourable conditions of weather or both. A late-sown ])lant is thus in phy- 
siological equilibrium with its environment and is able to stand the vagaries 
of weather which many a time is dry and warm during the fruiting period. 
It is also a more efficient organism than a May -sown plant. It produces 
more of seed cotton in proportion to its size than what an early-sown plant 
does. The latter exhausts itself in the vegetative growth and by the time 
bolls are formed, it has already reached a stage of senescence. A slightly 
higher temperature than normal for a brief spell of three weeks or so is suifi- 
cient to upset its metabolic processes on such saline subsoils, for the plant 
has lost its capacity for adjusting itself to such changes in its environment. 
No particular advantage is also gained by the sowing of the (jotton crop in May 
even on non-saline soils as the crop exhibits a kind of photoperiodism. The 
flowering phase does not set in early in an early-sown and if it does, such 
flowers do not develop into bolls and are generally shed. The onset of 
flowering is not pro})ortionate]y delayed as the sowings are delayed ; a shift 
in the date of sowing does not materially influence the main flowering 
period which occurs in the month of September. Early sowings will be 
advantageous only when the flowering period is also considerably prolonged. A 
long flowering period would enable the crop to mature a larger number of lolls 
than what they do. But as the matters stand the early-sown crop becomes un- 
balanced with a long vegetative phase and a short reproductive phase. This 
lack of balance between the two phases results in a low efficiency in production 
of seed cotton. 
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The June-sown crop, however, suffers from a disadvantage as compared 
with the early-sown crop. As the vegetative phase is shortened the 
bearing points are reduced resulting in a reduced number of bolls. But this 
disadvantage can be counteracted by closer spacing of plants, i.e. by increasing 
the number of plants per acre. This measm’e will make up for the decrease in 
bearing on the late-sow^n plant and the crop will at the same time be less sus- 
ceptible to Itrak on saline subsoils and wull produce better quality of lint. 

A large number of experiments laid out on zemindars’ fields have sub- 
stantiated the conclusions discussed above and these results will be discussed 
in another contribution. 

The ameliorative measures for counteracting the toxic effects of salinity 
in the subsoil such as the use of gypsum, silt and green manuring have not 
proved effective and tirak occurred irrespective of these treatments. These 
measures ^Aa>uld also be beyond the means of zemindars, even if they were 
successful. There would also be difficulties of their ai)plieation to the right 
place as tirak also occurs on soils which are not saline in the subsoil [Dastur 
and Samant, 1942]. 

The attempt to Iea(;h dow^n the salts by flooding to deeper layers of soil 
has also not proved successful. Applications of nitrogenous fertilizers and 
superphosphates produced no ameliorative effect on tirak on such soils. 

Summary 

Tirak or bad opening of bolls in the Punjab -American cottons on soils 
with saline subsoils is mainly caused by a disturbance in the water balance 
of the plant. A water deficit arises in the plants towards the fruiting stage 
which is the most critical period of plants ’ life and becomes more and more 
pronounced with the march of time. Salinity in the subsoil renders the 
absorption of water difficult and the plants succumb to the physiological 
drought. Three types of ameliorative measures were tried for counteracting 
toxic effect of salinity : (1) applications of gypsum, silt, farmyard 
manure and green manures, (2) washing down of the salts from the feeding 
zones of the roots by flooding of such lands and (3) efforts for preventing the 
development of a water deficit by means of cutting down the vegetative 
growth (e.g. by late sowings) or by giving extra applications of water at the 
fruiting stage. 

Replicated field experiments were conducted to study the effects of these 
three types of ameliorative measures during the cotton seasons of 1938-39, 
1939-40 and 1940-41 on such lands where subsoil salinity was known to exist 
and where tirak had previously occurred. 

Of the three types of ameliorative measures, the two measures of the 
third group, viz. deferred sowings (June sowings) and extra applications of 
water from the flowering stage proved successful in remedying tirak while all 
the measures of the first two types failed to produce any effect. 

Deferred sowings did not show drooping of leaves in October as was the 
cace with the May-sown crop on such soils. There was also no premature 
defoliation. The opening of bolls (weight of seed cotton per boll) and the 
yields were significantly, better in the June-sown crop than those of the May- 
sown crop. Similarly, heavy watering from fruiting stage lessened tirak 
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appreciably and increased the yields in comparison to normal Waterings. 
Heavy watering had no effect on the opening or the yield of June-sown crop 
as the latter did not stand in need of extra water and v as not profited by it. 
Late sowing was found to be superior to heavy watering in effect on tirak. 

June sowings produced less niimber of bolls ])er plant than May sowings 
on account of a reduction in the vegetative growth in the former. This was a 
disadvantage in late sowings but it was successfully counteracted by increasing 
the number of plants per acre. This could be done by adopting closer 
spacing of plants. 

The experiment laid out in 1940-41 was a varietal-cum-sowing-date trial. 
There were four sowing dates equally spaced at fortnightly intervals com- 
mencing from the second week of May with 15 American varieties and three 
desi varieties. 

The results of boll size (weight of seed cotton per boll) showed that 
opening of bolls improved as the sowings were delayed. The opening of 
bolls in the two June sowings was significantly better than that of the May 
sowings. The improvement in opening was universal to all the varieties 
included for study. Similarly, the mean yields of the former were signi- 
ficantly higher than those of the latter. Varieties differed in their adapt- 
ability to late sowing. The strains resistant to jassids were in general 
better suited to the June sowing while those susceptible to them had a well 
marked optimum towards the central sowings (end of May to second week 
of June). The first sowing gave lower yields under all varieties taken 
individually. 

The crop when sown in June is in a physiological equilibrium with its 
environment on soils with saline subsoil. It does not suffer from water star- 
vation on such soils while the May -sown crop does. The production of seed 
cotton in proportion to plant size (dry weight) is much higher in late-sown as 
compared with that of the early-sowm. The disadvantage of reduction in 
bearing which usually accompanies this practice can bo counteracted by 
increasing the number of j)lants per acre by reducing the distance between 
the rows and adopting closer spacing from plant to plant within the rows. 
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T he investigation described in this paper was carried out during the 
two cane seasons 1937-38 and 1938-1939, in order to throw light on the 
alleged differences in the percentage recovery of sugar from canes imported 
into the Punjab from the United Provinces for the then existing Sonepat 
Sugar Factory and the corresponding canes grown locally. The Punjab Sugar 
Corporation reported that the recovery for local Sonepat canes was 7' 7 per 
cent as against 10-18 per cent for corresponding canes imported from Amroha 
and elsewhere in the United Provinces. A systematic analytical survey of the 
canes grown in the two provinces, combined with investigations of the soils on 
which the canes were actually growm, was accordingly carried out in order to 
throw light on the differences in percentage recovery recorded. The canes in 
the particular areas in the Punjab and the United Provinces in which this in- 
vestigation was carried out in 1937-38 unfortunately experienced an excep- 
tionally bad attack of pyrilla, which to a considerable degree rendered the 
results less conclusive than was desired. Valuable data were, however, collect- 
ed during the first year's survey but owing to the abnormal conditions it was 
repeated in the following year, i.e. 1938-39, as it is obvious that in order to 
obtain reliable comparative data on such a matter as this the data must be 
collected during a season when normal conditions prevail. It is, liowever, 
almost impossible to find any extensive area during any season, where wiiat 
might be called ‘ absolutely normal conditions ’ do prevail. For example 
during the second year of the investigation although pyrilla w as practically 
absent, the canes in both the provinces were subjected to drought of greater 
intensity than during the first year. 

The United Provinces grow' more than half the total cane produced in 
India, the chief tracts being the Meerut, the Rohilkhand division in the west, 
and the Gorakhpur division in the extreme east. 

For the investigation under report eight localities w^ere selected, four from 
the western United Provinces, namely Meerut, Bisokhar, Salimpur and Amroha, 
and four from the south-eastern Punjab, namely Karnal, Tharu, Rohat and 
Jaukhli. In the 1938-39 survey, the districts in the Punjab w^ere the same but 
in the United Provinces, Billari village in the Moradabad district and Shah- 
jahanpur were added and Bisokhar omitted. 

Owing to the above-mentioned attack of pyrilla and the removal of 
the Sonepat Sugar Factory to Amroha there w'ere only 2,895 acres under 
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sugarcane in the 1938-39 season in the Sonepat telisil, as against 11,557 in the 
1937-38 season. Also, very little of this cane of the second year was used 
for the manufacture of , 97 /r or sugar but was chiefly employed as fodder on 
account of famine. Similar conditions prevailed in the United Provinces, 
where a number of factories did not work for more than two months. 

Climate 

The western part of the United Provinces receives a higher rainfall than 
the south-eastern Punjab, the monsoon usually setting in about the middle of 
June from which date monsoon conditions prevail until about the end of 
September. • Furthermore, the eastern portion of the area in the U. P. under 
report usually gets a considerably higher rainfall than the western parts as 
shown from tlie data in Table I. The rainfall, however, during the monsoon 
prior to the first year’s investigation was below normal in all the localities 
investigated and tliis factor occurring at a period when the cane is at a stage 
of maximum growth caused the crop to be stunted both in the United Provinces 
and the Punjab. This iindoubtedly constituted one of the predisposing causes 
to the severe attack of pyrilla during the ensuing cane season, during which 
there w'cre occasional frosts which, however, were not severe enough to do any 
harm. The major trouble was pyrilla. 

Table I 

Rainfall in inches during the last five years at the localities under survey 


Locality 



Years 



Av(n’ago 

1034 

1935 

! 1930 

1937 

1938 



Moc^nit (WoHtcni United Pio- 

i 30 -25 

21 -52 

23 *40 

17 -88 

i 

!t-70 

20 -0 

vinces) 

Muzai'f arnaga 1 * ( f 0 r 8 a 1 ini } ) nr ) 

30 -24 

31 -43 

41 -58 

32 ‘51 

20 '32 

33 *0 

{Ea 8 t(‘rn United Provinces.) 
Amroha (Eastoru Unit('d Pro- 

22 *99 

39 '39 

; 50-93 

20 -99 

31 '95 

34 *5 

vinces) 

Shah j ahanp ur (Eastern United 

38 d)4 

25 ‘75 

70 ‘23 

22*78 

39 '43 

41 -2 

Provinoes) 


1 


1 



Sonepat ( 8 onth-(^ast('rn 1 

17 -35 

17*25 

23*85 

19 *92 

9-32 

17 *5 

Pimjah) 1 

Kan lai (80 ut li - Otist, ( a’j i j 

31 -74 

43 15 j 

34*26 

25 ‘09 

18 00 

30 *5 

Punjab.) 1 


1 

j 



i 



We have already mentioned how^ the trouble from pyrilla w as reflected to 
a certain extent in a smaller acreage under cane in 1938*39 than in 1937-38 and 
how diliicult it is to find, what may be called^ a normal season. In the first 
year tlie rainfall in the previous monsoon was below normal and was combined 
W'itii an attaelc of pyiilla and in the second year although there w as freedom 
from pyrilla yet the rainfall in the previous monsoon wais lower than in the 
first year both in the Punjab and the United Provinces, particularly at Meerut 
and Sonepat. As a result of this deficient rainfall during the period when the 
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cane crop most needed it, the crop in both the provinces was stunted and 
consequently matured earlier. In the 1938-39 cane season, there was no frost 
and consequently quality was maintained throughout the short crushing 
season. 

Soils and general agricultural practices 

The nature of the soils from that part of the United Provinces investigated 
and of the south-eastern Punjab varies from sandy to medium loams tending 
to somewhat heavier types in the subsoil. On the whole, however, the analyti- 
cal data from these soils and agricultural experience show them to be eminently 
suited, in both provinces, to the production of cane. Average analytical date 
computed from separate investigations in a number of localities in both the 
provinces are given below : — 


Percentage on air^dried soils 


Depth 

1 

Total 

nitro- 

gen 

Organic 

inatt(‘r 

Ex- 

chang('- 

able 

calcium 

j 

Avail- 

able 

r.Os 

Maxi- 

mum 

water- 

holding 

capacity 

1 

Watf'i- 
Boluble , 
salts 

Clay 

pH 

United Pro- 

vinci^B — 

1st foot . ! 

0-0553 

0 •(>50 

0 -096 

1 

0-055 

1 1 

37-3 

j 

0-117 i 

13-4 j 

6 *58 

2nd foot 

0 *0448 

0 •42() 

0-144 

0 -042 

i 37 *0 

0-102 

21 -2 

6-72 

3rd foot 

0 -0392 

0-37(> 

0-187 

0 -032 

38 -5 

0 -090 

24 -8 

6-81 

Punjab — 

1st foot 

0 -0740 

0 -900 

0*158 

0 -035 

40 -7 

0 -200 

1 19-4 

6-95 

2iul foot 

0 *0548 

0 •70f) 

0-182 

i 

! 0 -030 

1 40-6 

0-170 

! 

1 25-7 

6 -78 

3rd foot 

1 

0 *0496 

0 -583 

1 0*186 

i 

0 -031 

1 40*6 

0-178 

; 27 -6 

6 -62 


An interesting point brought out in the survey was that the soils of the 
south-eastern Punjab, are comparatively heavier and contain a greater amount 
of exchangeable calcium than the soils from the western United Provinces 
There is not much diflerence in the reaction of t he two soils although the United 
provinces soils have slightly lower values. The differences in tlie value of 
the two sets of soils for sugarcane production appear to lie in the differences 
in the amounts of water-soluble salts and exchangeable calcium in the soils of 
the two provinces. In the Punjab the soils contain a considerable concentra- 
tion of water-soluble salts which accumulate near the surface, but in the United 
Provinces, where rainfall and humidity are both greater and where the soil 
is lighter, the percentage of water-soluble salts is mucli less. It is perhaps 
this fact more than any other which may influence the ash content of the 
sugarcane juice and subsequent percentage recovery of sugar in the factory, 
and which may consequently form an explanation of the alleged difference in 
the value of two sets of canes in sugar production. As shown by Lander and 
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Ramji Naitiin [1936], it is the greater amoimt of ash in the juice from the 
j Punjab canes rather than its slightly lower sucrose content as compared with 
j the juice of the sugarcane from the United Provinces, which is responsible for 
the lower net rendiment value of the gvrs made from the Punjab canes. There 
are certain other factors also which appear to have a definite tearing both on 
the quantitative and qualitative production of cane in the United Provinces 
and the Punjab. The most important of these appear to be climatic in regard 
to the relative degree of rainfall, and the variations in certain important as- 
pects of agricultural procedure. In the United Provinces barani land usually 
produces a moderately good crop of cane which could not be produced on 
corresponding lands in the Punjab. Again, average well -cultivated soils in 
the Punjab usually receive far more natural manure than the average corres- 
ponding United l^ovinces soils, which accounts for the fact that the former 
are generally richer in nitrogen and organic matter than the latter. There are 
exceptions, however, and in some parts of the United Provinces, intensive 
manuring produces soils richer in nitrogen and organic matter than is found 
in average Punjab soils. Again, the cost of cultivation owing to general 
economic conditions is lower in the United Provinces than in the Punjab, for 
which reason cane is a more extensively grown crop in the former province. 
Of the total cultivated area in the localities surveyed, about 20 per cent is 
under cane in the United Provinces, against 10 per cent in the Punjab. On 
the other hand, the standard of cultivation and the amount of manure used 
are, as a rule, higher in the Punjab, so that land irrigated by well or canal 
water in the Punjab generally produces more cane per acre than corresponding 
land in the United Provinces. 


Pests 

As already mentioned, the 1937-38 cane crop in both the western United 
Provinces and south-eastern Punjab was severely damaged by pyrilla. The 
high-yielding varieties, such as Co 312, suffered most, and the more luxuriant 
and succulent the leaves the heavier was the attack. The natural result was 
a juice of inferior quality with a diminished sucrose content and so high a 
glucose content that giir could not be prepared from it. As a typical exa aple 
the following table shows the deterioration of Co 312 as a result of this attack, 

Co 312 (Karnal) attacked by pyrilla 



j 

Perc(‘ntagH 

on sugar cane 



Date of analysis 

Juice 

t 

Sucrosf? 

1 

Glucose 

Total 
j 6\igars 

Tota. 

solids 

Glucose 

ratio 

Purity 

CO( fil- 

ci( nt 

9 Dec. 1937 

71 -8 

3-2 

1 *65 

4-9 i 

1 

61 

51 -1 

62-9 

27 Dec. 1937 

75-6 

1 4-3 

2 08 

6*4 

7*8 

48-4 

63 -6 

12 Jan. 1938 

74-9 

4 0 

1 -81 

6-8 

7*3 

45 -2 

67-7 

24 Jan. 1938 

74-6 

3-7 

1 -82 

5 *5 

6-6 

49*2 

66-2 

8 Feb. 1938 

75*2 

4-8 

1 -79 

6 -6 

1 

7j6 

37*3 

63-4 
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During the following season the crop was free from pyrilla and the cane 
ripened normally as shown below : — 

Co 312 (Karnal) free from pyrilla {1938-39) 


Date of analysiB 

Juice 

Sucrose 

Glucose 

Total 

sugars 

Total 

solids 

Glucose 

ratio 

Purity 

coeffi- 

cient 

9 Dec. 1938 

69-3 

9 -6 

0 -73 

10 -3 

11 -6 

7 -6 

82 *8 

19 Dee. 1938 

67 -9 

i 8*9 

0*29 

9*2 

10-7 

3*0 

83*2 

13 Jan. 1939 

67 *6 

i 11-2 

0-26 

1 1 *5 

12 *6 

0-9 

88*9 

29 Jan. 1939 

71 -6 

! 11-3 

0 10 

11 -4 

12 -8 

1 *2 

88-3 

14 Feb. 1939 

66*7 

10 1 

0-14 

10-2 

12 -3 

1 -4 

82 *1 

23 Feb. 1939 

72 1 

1 

11 0 

0 14 

11 1 

12 -5 

0-8 

88 '0 


Plan of work during the surveys 


In considering the data from difl'erent localities surveyed it may be men- 
tioned that all the varieties at each place were analysed six times during each 
season from the beginning of December till the first week of March. It is not 
proposed to give all the analytical data collected each year, but only the average 
composition of different varieties, together with figures for the glucose ratio, 
purity coefficient and saline coefficient for the maturity periods. The figures 
for the yield of stripped cane, total solids and sucrose per acre, have also been 
included. The soils from the fields from which the canes were analysed w^ere 
sampled at a number of places to a depth of 3 ft. and corresponding 1 ft. 
samples from all the bores w ere mixed together, so that three composite samples 
were obtained from each locality for analysis. 

Localities surveyed 
The Vvited Provinces 

Government Agricultural Farm, Meerut 

The soil of this farm is an average loam but becomes somew hat heavier 
below the first foot. The average corni)osition of the soils of this farm is 
showm below’^ : — 


Percemtage on air-dried soil 


Depth 

Total 

nitro- 

gen 

Organic 

1 matter 

1 

Water- 

soluble 

salts 

plL 

Ex- 

change- 

able 

calcium j 

Avail- 

able 

Clay 

Silt j 

Sand 

1st foot 

0 -0680 

i 

i 0 *970 

i 

0*180 

7 *81 

0*120 

0 *046 

15*1 

25*4 

59*44 

2nd foot 

0 *0476 

0*421 

0*160 

8*34 

0*136 

0*030 

24*9 

31 *4 

43*70 

3rd foot 

0‘0476 

1 0*406 1 

1 1 

0*180 

8 *54 

0*124 

i 

• • 

27 *7 

i 32 *8 

39*48 

1 

1 


The soil is alkaline in reaction, possesses a moderate amount of exchange- 
able calcium and a moderately high percentage of water-soluble salts. 

Four varieties of canes w^ere examined, viz. Co 244, Co 312, Co 313 and 
CO 331, the analytical data from which are given in Table II. 


(Average during the ripening period) 
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Co 312 gave the highest outturn of 920*04 inaunds per acre in 1937-38, 
and 940 maunds in the following season , Imt its maturity was somewhat de- 
layed owing to the heavy manuring practised at the farm, and a larger number 
of inigations than is usually given in the United Provinces. 

The most important factors to be kept in mind in connection with the 
specific object of this survey are the ash content of the juice and the saline 
coefficient, the latter being the ratio between sucrose and ash. The canes 
from this farm showed the liighest- ash content and the lowest saline coefficient 
of any examined in the United Provinces, and were accordingly poorer in 
quality. It may be noted that in the 1937-38 season, yields from all varieties 
were lower tlian in 1938-39, probably owing to the attack of pyrilla in the for- 
mer season, vdiich was more severe at tins place tlian at any other surveyed 
in the United Provinces. 

Bisolchar 

Bisokhar is one of the villages situated in the new sugar development 
centre of the United Provinces and its soils are good sandy loams as their 
average composition given below shows : — 

Percentage on air-dried soil 


Depth 

Total 

iiitro- 

Organic 

matter 

pH 

Plx- 

changc- 

ablc 

calcium 

Avail - 
abl(‘ 

P.o, 

Watcr- 

Holu})|(‘ 

Balia 

1 

Clay 8ilt ; band 

^ i 

[ 

Ist foot 

0 -onso 

0 •840 

1 (M)7 

i 

' 1 

O’lis ; 

i 

(>•032 

j 

0 ’080 

; i 

i i 

13-0 18-8 ; 60-0 

2iid foot 

0-()420 

0-474 

' 7 ’22 

0’134 

0 *028 

O’] 00 

]i»-l 1 18-5 j 64-4 

1 

3rd foot 1 

0'033(i 

0-484 

0 -HO 

0 •J54 

1 0 ’028 

0 ’160 

22-9 18-9 58-2 

i 


These soils contain a smaller percentage of water-souble salts than those 
of the Meerut farm, whilst the organic matter and total nitrogen content is 
much the same. 

Four cliief varieties were examined at Bisokhar, viz. Co 244, Co 312, Co 
313 and Co 331 (Table III). The last two had received a dressing of a mixture 
of ammonium sulphate and castor cake at the rate of live maunds per acre, 
which may have been responsible for the high ash content of tlie juice. It is i 
interesting to note that the ash contemtofCo 244 and Co 312, which were 
unmanured here, w as much less than t hat of the corres])onding manured cane 
at the Meerut farm. This suggests that manuring may be one of the causes 
responsible for an increase in the amount of mineral matter in the juice of 
cane. The purity coefficient figures of the manured Co 313 and the un- 
manured Co 244, both of which are early -ripening varieties, indicate that 
manuring delays ripening — an observation w hicli is also borne out })y a consi- 
deration of the analytical data for Co 313 at Amroha which received no 
manures. 




Average . . 70 *0 
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Salimpur 

This village situated about three miles from Muzaffamagar has light loam 
soils similar to those of the Meerut farm, but they tend to become heavier below 
the first foot. The average composition of these soils is given below : — 


Percentage on air-dried soil 


Depth- 

Total 

nitro- 

gen 

Organic 

matter 

pH 

Ex- 

change- 

able 

calcium 

Avail- 

able 

P.o. 

Water- 

soluble 

salts 

Clay 

Silt 

Sand 

Ist foot 

0 -0588 

0-710 

6-25 

0-120 

0 030 

0-160 

15-7 

25-9 

68-8 

2nd foot 

0 -0532 

0 -307 

6-25 

I 

0 166 

0-046 

0-160 

25-7 

28-2 

46-1 

3rd foot 

0 -0504 

0-226 

6 -25 

I 

0-200 

0-025 

L 

0 -080 

1 

30-7 

28-3 

40-7 


This soil is heavier than those of Bisokhar and Ainroha and is adequately 
rich in nitrogen, organic matter and exchangeable calcium, and a uniform pH 
value of 6 • 25 down to 3 ft. in depth was found, indicating its acidic nature. 

The four varieties examined here, viz. Co 213, Co 244, Co 312 and Co 313 
(Table IV) were all ripe at the end of November or in the first week of Decem- 
ber and their low ash content and high saline coefficients show them to be 
superior to the canes from Meerut and Bisokhar. The outturn, however, was 
poorer. Co 312, for example, a heavy yielding cane gave only 425 maunds of 
cane per acre. Compared with Amroha canes all varieties showed a low saline 
coefficient but gave higher yields. 



alytical data for the cane vaHties grown at village Salimpur 
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Amroha 

This village is situated in the Rohilkhand division and lies near the hills, 
and for this reason the minfall is considerable, and the climate more humid 
than that of Meerut and Bisokhar or the south-eastern districts of the Punjab . ) 
As may be seen from the table below, tlie soil is a sandy loam and, as judged; 
from its content of organic matter, exchangeable calciinn, water-soluble salts 
and total nitrogen, is the jxmrest of all the soils of the four localities investi- 
gated in the United Provinces. It is interesting to record that although the 
annual rainfall at Salimpur and Amroha is ])ractically the same as each place, 
and other climatic aspects are similar, yet the Amrolia soils contain the least 
amount of exchangeable calcium of any of those examined during tbis survey 
either in the United Provinces or the Ihinjab. The Amroha soils are very 
light and this may ])artially account for their low content of exchangeable 
calcium — an observation vliicii a[)pears to bold good also for tlie soils of 
Jaukhli in the Punjab. Tlie average composition of the Amroha soils is as 
follows : — 


Percmtcigv on air-dried soil 


Di'liMi 

Total 

nitnj- 

g(‘ri 

Organic 

naittci- 


Ex- 

(.'haij^ze- 

al)lf 

(-ahauin 

Avail- 

ahJe 

I’sO. 

AA’at('r- 

8()Il0)l(‘ 

Halts 

(lay 

Silt 

Sand 

iHt foot 

0 0302 

0 -484 

I 

(i ■40 

•' 

O-OGO i 

i 



0 044 

0 -070 

12 -2 

15 -G 

G8-1 

1 

2n(l foot 

0-U3S4 

1 ()'4S4 

j 

1 

G • J 8 

1 U -098 i 

i 

U -035 1 

U-050 1 

i 

19 -7 

i 

i 

18-2 

G2-3 

3nl foot 

i 

0 -0280 

j j 

1 0-484 

5 -92 

I 

1 

0-100 ! 

j 

.! 

0-021 i 

O-OGO 1 

i 

i 

22 -2 

18-1 

59-7 


All the four varieties examined at Amroha (Table V' ), viz. (b 213 , Co 312 , 
Co 313 and Co 331 matured early and had a low ash content but a high purity 
coefficient, sucrose content and saline coefficients. Thus, the quality of tlie 
cane was the best of any in the United Provinces or the Punjab. For example, 
Co 331 had a sucrose ccmtent of 10 ‘ 1 per cent, whilst the other three varieties 
had more than 11 per cent. It may be noted, however, that whereas the 
quality of cane produced Avas excellent, the outturn per acre was the lowest 
found. Co 213 , which gave high yields at other places, gave only 256 maunds 
of cane per acre at Amroha. From the factory point of view , (luality is more 
important than quantity, but the cultivator’s chief concern is quantity and in 
this respect intrests conflict. 



Analytical data or can£ varieties grown at Amroha 
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In this connection the following comparative figures for Meerut and 
Amroha are of interest 


Maunds per acre 


Locality 

Seasf)i) 

V’i(‘l(l 

8ncros(' 

(Uiicofte 

A8h 

A vail - 
ablci 

caoe- 

Hcgar 

M(.»crut 

1937 38 

(UH) •() 

62 •() 

3 -84 

3 10 

49*6 


1938-39 

822 *0 

81 -8 

2 •4() 

3 -74 

66*2 

Average 


744 0 

71 0 

1 3-15 

3 -42 

57*9 

Arnrolia 

' 1937-38 

312 0 

34-5 

1 -oO 

0*82 

31-2 

i 


1938-39 

270 0 

31 -9 

! 0-81 

i 

0-62 

1 

1 28-9 

Avc‘j‘Hge 1 


291 •() 

33 -2 

J 19 

0 -72 

' 30- 1 


It will be seen that, considering botli the seasons, th(', amount of white 
sugar which could be obtained troiii an acre of sugarcane at Meerut w as almost 
double that from the same area at Anjroha, and from tlie point of view^ of the 
cultivator attempts to increase the yield deserve enc^ourageinent, but tJiere 
appears to be a limiting point beyond which an increase in tojinage refiects in 
a decrease in quality, '.riie interests of the factory and the cultivator cannot 
be identical so long as the price of cane is fixed irrespective (jf quality. Another 
]X)int noted in connection with the cane crop at AmroJui was tliat the canes 
ripened from five to seven weeks earlier tlian those at Meerut. All factors 
which tend to increase the vegetative growth must delay ripening, and of these 
the amount of iri*igation and manure a]>plied are tlie most important. How- 
ever, we find that the total amount of w ater, i,e. rain plus irrigation, apj)]ied to 
the cane crop at* Amroha and at Meerut, was the sajne. As we have seen, the 
Meerut canes investigated received, in the 1937-38 season, hve maunds of a 
mixture of castor cake and ammonium sulphate, and it is problematical whe- 
ther this amount of manure could liave delayed the ripening of cane by as long 
as five weeks. It is to be noted, however, tJiat in the season 1938-39 the canes 
at Bilari were heavily manured, for in jwidition to the l)asic dressing of gi'een 
manure with 300-400 maunds of sunn-hemp they received also two maunds of 
ammonium sulphate and 15 maunds of castor-cake per acre. These canes 
ripened about the end of January, whereas the Meerut canes which had received 
less manure than the above ripened about tlie middle of I)eceml)er, and the 
Amroha canes which were raised without any manure w ere ripe early avS the 
end of November. It would seem, therefore, that manuring does delay ripen- 
ing, and in proportion to the amount of manure applied. Another charac- 
teristic of the crop at Amroha was the fact that during both the seasons the 
ash content of the cane, after it had reached maturity, jjnjgressively decreased 
as long as the cane remained standing in the field. 
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It will thus be seen that the juice from canes at this station showed a low 
ash content ajid high purity and saline coefficients. Although the soil was not 
particularly good yet Amroha produced the best sugarcane found in the United 
Provinces and the Punjab. Co 313 in 1938-39 had a sucrose content of 12' 3 
and the others only slightly less. Although the cane produced was of very 
high quality yet the outturn per acre was low and thus suited the needs of the 
factories, but was not so satisfactory from the cultivator’s point of view, 
where quantity matters most. 

Bilari {1938-39 only) 

The soil of this village in the Moradabad district is a medium loam, rich 
in nitrogen, organic matter and exchangeable calcium and has an acidic reac- 
tion. For average composition see below : — 


Percentage on air-dried soil 


Depth 

Total 

nitro- 

gen 

Organic 

matter 

pll 

Ex- 

change- 

able 

calcium 

Avail- 

able 

^20, 

Water- 

Bolublo 

BaltB 

Clay 

Silt 

Sand 

iBt foot 

0 *050 

0 -084 

619 

0-106 

0 -0740 

0-100 

15-8 

i 

22 *0 

62 -20 

2nd foot 

0 •0504 

0 -555 

6-42 

0-186 

0 -0468 

0 -OtiO 

30-0 

i 

1 

20-0 

50-0 

3rd foot 

0 *0420 

0 -439 

6-67 

0-178 

0 -0521 

0 -060 

1 

1 35 -2 




Four varieties of cane were examined, namely Co 213, Co 312, Co 313 and 
Co 331 (Table VI). All were green manured with sunn-hemp with the addi- 
tion of two maunds of ammonium sulphate and 15 maunds of castor-cake per 
acre with the result that the outturn of cane was heavy compared with other 
places m the United Provinces. This heavy manuring not only delayed matu- 
rity but also decreased the sucrose content and the purity coefficient and in- 
, creased the ash compared with the unmanured Amroha canes. The recovery 
I of sugar by the open-pan system as reported by the Sugar Experiment and 
i Testing Station at Bilari was only 5 • 5. 
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Co 331 i 66 *4 10 -1 0 -45 10 *6 : 11 *6 | 1 -0 0 -238 | 6 -4 86 -2 47 -6 800 -0 80 -8 ’ 92 -8 j 2/12 to 27/2 
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Sh/ihjahanpur (1938-39 only) 

The Shahjabanpur district is excellently suited for sugarcane having an 
annual rainfall of about 40 in. and a good acid sandy loam soil, low in water- 
soluble salt content. For average composition see table below : — 

Percentage on air-dried soil 


Depth 

Total 

nitro- 

gen 

Organic 

matter 

pH 

Ex- 

change- 

able 

calcium 

Avail- 

able 

Water- 

soluble 

salts 

Clay 

Silt 

Sand 

1st foot 

0'0448 

0-400 

6-24 

0-072 

0 -0637 

0-076 

8-0 

8-40 

83-6 

2nd foot 

0*0364 

0-362 

6-40 

0-132 

0 -0498 

0 -080 

j 

16-2 j 

34 -80 

49 -0 

3rd foot 1 

1 

0 -0280 

0-324 

6-67 

0-132 

1 0-0310 

0-080 

18 0 ! 

! 

14-20 

67-80 


Four varieties of cane were examined, viz. Co 213, Co 312, Co 313 and Co 
331 (Table VII) which were green manured with sunn-hemp plus two maunds 
of castor-cake and one maund of ammonium sulphate. The outturn of cane, 
which was of good quality, was greater than that from Amroha and Salimpur 
but inferior in quality to the Amroha cane. The yield was from 600 to 800 
maunds per acre and all varieties matured early in December. 

The Punjab 

The Karnal and Rohtak districts are regarded as the best sugarcane- 
growing tracts in the Punjab, the climate being more suitable for cane than 
anywhere else in the province, with the result that in normal years high yields 
are obtained. Four localities were selected for the investigation, viz. Tharu, 
Jaukhli, Rohat (near Sonepat) and Karnal. 

Tharu 

It will be seen from the table below that the soil of this village is a clay 
loam, rich in organic matter, total nitrogen, exchangeable calcium and water- 
soluble salts. The soil is acidic in reaction and becomes more so with increas- 
ing depth. It has the following average compositions : — 

Percentage on air-dried soil 


Depth 

Total 

iiitro- 

gen 

Organic 

matter 

pH 

Ex- 

change- 

able 

calcium 

Avail- 

able 

PaO* 

Water- 

soluble 

salts 

Clay 

Silt 

Sand 

Ist foot 

0-0840 i 

1 

1 1 -036 

[ 

6-75 

0-176 

0-081 

1 

0 -200 

: 32 -2 

1 

23-3 

53 -5 

2nd foot 

0-0588 

0 -484 

6-30 

0-248 

1 

0 -042 

0-156 

1 30-5 

25-4 

44-1 

3rd hK)t 

0 0532 

1 

0 -469 

6-30 

0 -232 

0 -042 

0-140 

32 -8 

22-7 

44-5 



Table VIII 

lytical data for cane varieties grown at village Tharu 
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AvS already noted the crop suffered particularly severely at this place from 
pyrilla in 1937-38, hence the analytical data regarding the composition of the 
cane cannot be regarded as normal. Of the three varieties, viz. Co 244, Co 312, 
Co 313 (Table VIM) examined in 1937-38, Co 312 gave the highest yield but 
the lowest sucrose content, and had the highest ash content, hence a low saline 
coeflicierit. 

In the following season, however, due to a higher sucrose and lower ash 
content the saline coefficient was the highest of all the varieties examined any- 
where in tlie Punjab during the two seasons, although the figure was of the 
same order as that obtained at Meerut wluch provided the poorest quality 
canes in the United Provinces. The higher sucrose was due to the absence of 
pyrilla, but it is difficult to explain why a low ash content was obtained. 

The average yield for the two seasons, however, was almost as good as 
that obtained at KarnaL 

liohai Harsana 

The soil of this village as sliown below is a sandy loam and the lightest 
of all the seals (‘xamined in the Ihinjab during the survey : — 


Fercmta(j(i on air-dried soil 






Ex- 


I 1 



Total 



ebango- 

Avuib 

Wat*'r- i I 


l)(‘[)th 

uitro- 

Organic 

pH 

a))lc 

abl<‘ 

solul)lc (May i 8ilt 

Sand 



ir]aitcr 


caldiiin 

I-,/), 

.salts * 1 

i 


1st foot 

0 ‘0728 

i 

0 -776 

6 04 

1 

0*158 

0 *028 

0*180 18*1 20*4 

1 I : 

01 *5 

2ii(l foot 

0*0500 

0-484 

1 

1 6*28 

[ 

n*182 

0 *032 

i 1 j 

0-220 23-1 19-5 ! 

! I 

57 *6 

3rd foot 1 

0 -0525 

0*371 

6 14 

0*218 

0 *002 

f 

1 

0-240 i 25-1 1 17 -G 

' 1 

57 *3 


The soil is rich in total nitrogen, organic matter, exchangeable calcium 
and lias an acid reaction. 

Five varieties of cane were examined, viz. Co 213, Co 285, (3o 301, Co 312 
and Co 313 in the first season, and four in the second , viz. Co 244, Co 312, Co 313 
and Co 331 (Table IX). In 1937-38 as a result of pyrilla none of the canes 
matured. Nevertheless, the outturn was very high, Co 312 with 815-5 maunds 
per acre, giving the best yield. The quality of the cane, liowever, was naturally 
very poor. 

In 1938-39, all the four varieties examined matured early in December, 
the sucrose content of Co 331 (10*5 per cent) being the highest while that of 
Co 313 the- lowest (9* 7). The quality of cane resembled that grown at Karnal 
with a high ash content and a low saline coefficient. Yields were approxi- 
mately 750 maunds per acre. 



Analytical data for cane varieties grown at Rohat Harsana 
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Analytical data for cane varieties grown at village Jankhli 
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JauJchli 

Tliis is a typical village of the kJmdar tract, whose soil is a medium loam 
and characterized by a highly alkaline reaction, low exchangeable calcium 
and high water-soluble contents. The average composition is shown below : — 


Percentage on air-dried soil 


Depth 

Total 

nitro- 

1 

! 

niatt(‘i‘ 

Jill 

1 

' I 

Ex- 

clianj^e- i 
1 able 

I calciiiiTi 

Avail- i 

1 able j 

! 

Water- 

Boliibln j (llay 
Ralts ; 

1 

Silt 

t 

Sand 

1 

i 

Int foot 

0-072S 

0 -OSti 

7 -07 

i 0 -072 

1 0-037 

i 

0-220 i 16 -3 

! 

31 -6 

52-1 

2ud foot 

0 •0588 

0 -807 

811 

0 074 

t 

i 0-014 

i 

0-220 1 20 1 

37 -2 

42-8 

3rd foot 

0 -OtTO 

0 -524 

7 -91 

; 0 OOd 

1 

1 0-010 

! 

0 -24-0 I 22 -6 

42 -7 

1 

34-7 


This soil had the lowest exchangeaole calcium content of any of the soils 
examined in the Punjab a foct which ap|)cars to be reflected in the ash con- 
tent of the cane juice particularly in the cfkse of Co 244 which was 0*71 per 
cent at Jjuikhli but only 0'37 per cent at Thani. Compared with other 
localities in the Punjab even in tlie atmormal season of 1937-38, Jaukhli pro- 
duced only medium quality canes (Table X). In the following season all 
the three varieties matured early and had a moderately good sucrose content, 
a high ash content and a low saline coefficient, thus resembling the other canes 
in this area. 

Karnal 

Canes examined at Karnal were taken from the Government Agricultural 
Farm, which, as will be seen from the data below, has a clay loam soil rich in 
organic matter, total nitrogen and exchangeable calcium. The concentration 
of water-soluble salts, however, is rather high and the soil reaction acidic. 


Percentage on air-dried soil 


Depth 

Total 
nitre - 
gen 

Organic 

1 natter 

pll 

E. ! 

cliango- ; 

abl(^ i 
calcium 

Avail- 

able 

PaOg 

Wat('r- 

soluble 

salts 

(Jlay 

Silt 

Sand 

let foot 

0 *0756 

1 000 

6 -50 

0-190 

1 0*014 

0-160 

23*0 

i 

31 -5 

i 45-5 

j 

2nd foot 

0 *0483 

0-936 

6 -42 

0 -220 

i 0 -037 

0-110 

29-1 

29-2 

1 41 -8 

j 

3rd foot 

0 *0462 

0-855 

6*22 

0-228 

0-019 

0*130 

31 *0 

28-5 

1 40-5 

1 
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Of the four varieties examined in 1937-38, viz. Co 285, Co 312, Co 313 and 
Co 331 (Tal)le XI), Co 312 and Co 331 were badly attacked by pyrilla, yielding 
only 5 per cent and 4*5 per cent sucrose on cane, respectively. Co 312 gave 
hte highest yield. All the four varieties had low purity coefficients and high 
glucose ratios, both the sucrose content and saline coefficients being low. The 
crop showed a tendency to lodge. In the following season all the four varieties 
examined, viz. Co 213, Co 312, Co 313 and Co 331 matured in the middle of 
December. The ash content of the juice was very high, but as regard composi- 
tion, the cane was in no way inferior, to that on the Government Farm at 
Meerut, wdiere improved metliods of cidtivation were follow^ed. The sucrose 
content and ash w^ere equal at both these localities, but the weight of cane 
produced per acre was higher at Karnal by 100 maunds than at Meerut. 

General observations 

Ripening of sugarcane, 

It will be seen from l^ables ll-XI that tlie yield of stripped cane in the 
Punjab was about 40-50 ])er cent higher than in the United i’rovinoes, which 
shows that the Ihinjab canes attained a more vigorous and greater vegetative 
growth than those in the neigh bourrng province. Hence, tliey must remain in 
the field for a longer period before they are fully mature, siiu^e all fact ors whicli 
increase vegetative growth cause delay in ripening. Again we see that the 
Punjab soils are richer in organic matter, total nitrogen and w ater-solul)Ie 
salts and are much more heavily manured tlian the United Provinces soils. 
The nunilier of irrigations given is also greater, but, ta.king into (*onsideration 
the higher rainfall in the United Provinces, the total a-mount of water received 
by tlie sugarcane crop, both as irrigation aaid rain water, is usually the sanie. 
It is thus clear that, w hile most of the canes in the United Provinces w ill be 
fit for crushing early in the season, the same varieties will bo unripe in tlie 
Punjab. I f, therefore, the same varieties of cane are crushed in the two tracts 
at the same time, tlie United Provinces canes being fully idpe wdll naturally 
give a greater recovery. 

Quality and yield of sugarcane 

The data for the season 1937-38, relating to the quality and quantity of 
cane varieties which are common to the two tracts, are given in Table XJI. 

It w ill be seen from these figures, that apart from Co 331 w hich gave less 
total solids and sucrose per* acre in the Ihinjab than in the United Provinces, 
all the varieties examined gave a greater outturn of stripped cane, sucrose 
and total solids in the Punjab. The quality of cane, how^ever, as judged from 
the amount of suci’ose and ash expressed as percentage on cane, purity and 
saline coefficient, was mucli poorer in the Punjab. 

Similar data for the following season 1938-39 are given in Table XIII. 

It will be observed that this w^as a better season for cane both in the United 
Provinces and the Punjab, specially in the latter whore the cane crop benefited 
from better climatic condition and was also free from pyrilla, with the result 
that the sucrose percentage on cane was almost as good as in the United 
Provinces. Similarly the ‘ cane ratio ’ and net rendiment showed marked 
improvement. The yield of stripped cane per acre increased by over 130 
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Table XII 

Aver age co mposition of sugarcane in the Punjab ani thz United Provinces and other rdative data, 1937-38 
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Average relative data 


ParticularB 


Sucrose per cent on cane 
Ash per cent on cane 
Purity coefficient . 

Saline coefficient 

Cane ratio .... 

Net rendiment or available sugar 

Stripped cane per acre 
Sucrose per acre 
Total solids per acre 


United 

Provinces 

Punjab 

10 -3 

7 -7* 

0 -342 

0 -539 

86-1 

77 *5 

30 1 

14-3 

11 -7 

19*2 

8-55 

5*2 

Maunds 

Maunds 

461 -3 

043 *9 

49 *9 

53 *9 

53-4 

03 -3 


♦ A low figure due to pyrilla 

maunds in the Punjab and by 150 maunds in the United Provinces, this 
latter increase being due to the fact that the figures for Bilari and Shahjahan- 
pur, where large quantity of manure are generally applied, were included in 
the average for this season. 

In considering the relative features which have been described in regard 
to the growth of cane obtained in the two provinc'es, both from the quantita- 
tive and qualitative aspects, the most important point ])erhaps to bear in mind 
is that the ash content and ‘ solids non-sugars ' in the juice from tlie Punjab 
canes are considerably higher than in those from the United Prcn inces. This 
is, no doubt, due to the higher concentration of water-soluble salts in the 
Punjab soils, whereas in the United Provinces the soils are lighter and thus 
more permeable. The cane ratio or the number of tons of cane retpiired to 
produce a ton of sugar is higher in the Punjab than in the United Proviin^es. 
This ratio is a function not only of the concentration of sucrose in the juice 
but also of itvs purity, tlie latter being the ratio of sucrose to total solids in the 
juice. The greater the proportion of mineral matter, the more difficult it is 
to recover sugar in the process of manufacture. Nitrogenous manuring tends 
to increase the percer.tage of impurities in the juice and consequently tlje cane 
ratio to a greater degree than might be expected solely from a consideration 
of differences in sucrose content. Consequently a relatively large percentage 
of sugar remains unrecovered in the factory wdien cane is gnmn under heavy 
manuring. However, some of these factors counterbalancted each other when 
comparing the sugar recovery from the canes of the w estern United Provinces 
and the south-eastern Punjab, and it w^as found on balance that the difference 
was not greater than about one per cent. 

In order to gain more accurate data as to how far different nitrogenous 
manures affect the composition of cane juice, Co 312 was manured at the 
Shahjahanpur Sugarcane Research Station with 100 lb. and 200 lb. of nitrogen 
per acre in the form of castor-cake, ammonium sulphate and farmyard manure 
under two, four and six irrigations. The data from these investigations are 
given in Tables XIV-XVI, from which it wull be seen that the sucrose content 
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A verage relative data, 


Particulars 

United 

Provinces 

Punjab 

Sucrose^ per cent on cano . . , , 



10 -7 ' 

10-4 

Ash xrer cent on can« . . . . , 



0-314 

i 

0 -504 

Purity coefficient ..... 



87 -0 1 

85-9 

Saline coefficient ..... 



34-1 

20-6 

Cane ratio ....... 


! 

11 -4 

12-0 

Not rendim(‘nt or available Bvigar 



9-18 

8 -35 




Maunds 

MViunds 

Stripped cane pc'r acre .... 



Oil vl* 

770-2 

Sucrose per aerr! ...... 



03 ‘9 

7S -8 

Total solids pc'r acre .... 



73 0 

90 -3 


* Tho o.vorag<> outturn was highor this si'msoh as liilari ami Sliahjahanpur wnro included 
wbere largo qrmntiti<’s of irianuro are applied 

was depressed and ri])eMirig dela-yed as the (jiiantities of nitrogen a})plied in- 
creased. No particular increase in the ash content of cane nianui'od with 
ainmoniuin sulphate was found, l)iit the increase was signifi(*aiit w lien lanuyard 
manure \va.s em])loyed. ( generally s|)eaking it may 1)0 stated with reasonable 
conviction tliat tlie a, mount <tf solids non-sugars in cane navy be (v\pe(d.ed. to 
increase in pi‘o])ortion to tlie ainount of inaavure ein ployed. 


GeNEKAL C()N(U;USrC)N8 as to the (bXUSIOS RESrONSIIiLE J<X)R ITIE ALLKOEI) 
INEEKIOR QEALltJW OF PONJAU CANES COMl’ARED wmi UnITEO IbiOVlNCES 
CANES FOR SUCAR PHODirCTjON 


The general results of the survey indicaie tliat the ]) 0 ()r quality of the 
Punjab canes is mainly diie to the composition of the soil of the province — 
a conclusion wdvicli lias stimulated investigators to see to w hat extent the ash 
content of the juice (;ari be lowered by altering the com])osition of the soil 
by the application of ap|)ropriate chemicals such as gypsum. Tliei’c is ten- 
tative evidence already tha,t gy])snm ma.y be cffi(‘.acious for tills purpose in 
heavy soils. 

In regard to operations in sugar factories it w ill be seen from the appendix 
that the mineral content of the claritied juice is lowered to a. greater extent 
if the carbonation process rather tlian tlie sulpliitation procxrss is employed, 
and as the Punjab has plenty of lime availaiiie this industry should flourish 
in certain localities provided judicious agricultural operations ai'C follow^ed, due 
notice taken of the likelihood of frost in the localities selected and the carbona- 
tion process followed in factories. 



Sugarcane analysis 

(Sugarcane Experiment Station, Shahjahanpur, 1939) 
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14 0 0*98 16-9 1*9 3'490 6 8 j 82*3 ; 39*4 | 66*6 9*3 | 11*3 j 200 lb. nitrogen 



Table XV 
Sugarcane analysis 

(Sugarcane Experiment Station, Shahjahanpur, 1939) 
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Sugarcane analysis 

(Sugarcane Experiment Station, Shahjahanpur, 1939) 



11 '4 100 lb. nitrogen 
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Another point of considerable i nportance brought out during this survey 
is the fact that, although inanuring results in an increased yield of cane, it 
tends to lower the quality of the juice, and it appears, therefore, that measures 
designed to increase the yield of cane should be carefully controlled in conjunc- 
tion with the quality of cane obtained so as to ensure that the latter is not 
adversely affected. 

The quality and yield of the cane crop depend mainly on : (i) climate, 
(it) nature of soil and (ni) agricultural operations. It is a well-known fact 
that in order to produce one pound of dry matter in an arid region more water 
will be required than to produce the same amount of crop in a humid climate. 
If we assume, therefore, the concentration of the soil solution (in more general 
terms the amount of water-soluble salts present in the soil) to be the same in 
both the cases, it is likely that the crop grown in a dry climate will take up 
and retain a gre/iter amount of plant food material owing to increased trans- 
piration. 

Again, the concentration and nature of the soil solution will depend res- 
pectively upon the amount and nature of soluble salts present in any particular 
soil. Furthermore, the application of manures as followed in the Punjab with- 
out a corresponding increase in the amount of water applied appears to be res- 
ponsible for an increase in the amount of miner ,i;l matter in the cane crop, 
(k^nsidering all the factors, it appears that the greater amount of ash present 
in the juice from the Punjab canes is the main cause of their alleged inferiority. 
This is confirmed by the following figures (1937-38) relating to Sonepat in the 
Punjal) where the cane crop wais raised under ordinary zendiidari conditions, 
and Bisokhar and Meerut in the United Provinces, w here improved methods 
of cultivation dejiending upon liberal irrigation and application of sufficient 
manures were follow^ed. 

It will be seen from the figures of purity and saline coefficients for different 
varieties of cane growm at various stations in the two provinces (Tables XII and 
XIII) that the canes from the w'cstern United Provinces are generally superior 
to those obtained from the south-eastern Punjab. Nevertheless, as showm 
above, those from Bisokhar and Meerut w ere not as good as those from Sonepat, 
because tJie latt er vs ore grow n under improved methods of cultivation. 

It seems that atlempls to increase the yield of cane beyond a certain limit 
are likely to result in deterioration of quality unless suitable varieties of cane 
can be evolved which w ill maintain their quality as quantitative production 


Percentage on cane 


Variety 

Locality 

J uice 
(per 
cent) 

Sucrose 

Glucose 

Total 

solids 

Ash 

Glucose 

ratio 

Purity 

8al1oe 

coefficient 

Co 818 1 

Sonepat 

62-2 

12-0 

0*1 

13*4 

0-390 

1*0 

1 

89*8 

30*8 

,, 

Bisokhar . 

69-0 

11-5 

0*lfi 

13-2 

0*628 

1*3 

86*9 

21*7 

M 

Meenit 

69-0 

10*9 

0*23 

11-8 

0*601 

2*1 

90*1 

21*2 

Co 881 

Sonepat 

65-6 

10*6 

0*30 

12-1 

0*360 

8*0 

87*6 

29*5 


Bishokhar . • 1 

7M 

9*6 

0*55 

11*6 

0*404 

5*6 

82*8 

28*8 

- 

Meerut . . | 

69-3 

9*4 

0*36 

11*2 

0*479 

3*8 

83*8 

10*6 
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is increased. In this connection mention may be inadfe of an interesting ob- 
servation made at Amroha, wliicli produced the best canes of any in the United 
Provinces or the Punjab. It was found that the amount of mineral matter 
which the cane crop is able to absorb during its growth reaches a maximum 
at maturity, and if the crop remains longer in the field the mineral matter either 
remains stationary or decreases. In other words, once the crop is mature, 
there is little likelihood of any further increase in the mineral content of the 
juice. Obviously, in this respect early-maturing varieties wdll have an ad- 
vantage over those wliich mature late, although their yields must naturally 
be low. Attempts should be made to evolve varieties which wall give improved 
yields and yet mature early. Further, such varieties should maintain their 
quality over the entire crushing period as long as they remain standing in the 
field. 


Summary 

It was found during the sugarcane seasons 1935-36 and 1936-37 that 
the recovery of white sugar at the Sonepat Sugar Factory in the south-eastern 
Punjab from sugarcane grown in the surrounding areas was only 7* 7 per cent, 
whereas cane imported from the neighbouring tracts across the river Jumna 
in the United Provinces gave a rex30very of 10-18 per cent. The present 
investigation w’^as conducted with a view to ascertain the causes responsible 
for this wdde difference. 

A number of localities were selected in each of the two tracts and the same 
varieties in each were analysed during the sugarcane seasons 1937-38 and 1 938- 
39. The soil from the fields growing these canes was sainpled at a numlier of 
places to a depth of 3 ft. and analysed for different constituents. 

It was found that the composition of the soil in the two tracts differs wide- 
ly in the matter of organic matter, nitrogen and water-soluble salts content, 
the Punjab soils being richer in these constituents. The United Provinces 
soils are inclined to be slightly more acidic and lighter than the Punjab soils. 

The analysis of different varieties of cane show that canes growm in the 
Punjab have a slightly lower sucrose and glucose content but contain more 
mineral matter in the juice than corresponding canes in the United Provinces. 
These differences are reflected in the higher purity coefficient and significantly 
superior saline coefficient of the cane from the United Provinces. 

It has been found that the higher mineral matter in the juice of the Punjab 
canes is the main reason for the low recovery of white sugar in the Punjab. 

It has been shown that the mineral matter in the juice of sugarcane does 
not increase after the canes have reached maturity. On the other hand in 
certain cases the mineral content has been found to decrease after maturity. 
This indicates that early ripening varieties are better suited for the soil and 
climatic conditions of the Punjab. Efforts should, therefore, be directed to 
evolve such varieties and at the same time aim for higher yields. 

The carbonation process is better suited than the sulphitation process for 
the manufacture of white sugar in the Punjab as the former reduces the mineral 
content of the mixed juice during clarification to an extent wdiich is almost 
four times as great as that obtained with the otfier, 
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APPENDIX A 

In the manufaeturc' of white sugar two of th(‘ most important m(‘thods employed for 
the clarification of sugarcane juice in the factory are : — (i) the sulpliilation process, (ii) 
th(' carbonation pro(i('ss. In tla^ first process lime and sulphur are^ used as (darifying 
agents and in tls' second carbon dioxide and lim<‘. Tiie latter process is more expensive* 
tlian the former on account of tlie gre^ater quantity of lime usihI but the inerf^ase in cost is 
comjxmsatod for by a Ijigher re'covt'ry of sugar of bet t(T quality. Smee the juice of sugar- 
cane in the Piuijab is cliaracterizf'd by th(* prescaice of mineral matter in rcdatively high 
amounts, the process of clarification which will yield clarified juice with a lower mineral 
content will naturally be Ix'tt^ r suited to conditions in the Punjal). Data were collected 
during th(' surv<\y to ascertain which of the two pro<:;(‘sses is mor(' suited for tlu? Punjab 
caiK^s. Two factori(>s working wit hin a few furlongs of each other won* selected for ac- 
quiring tlu'se data and the figures obtMined art* given bt'low ; — 


Sidpliikition process 


Particulars 


Brix 

Pol 

Purity 

1 

i 

Mixta 1 juice . 


15-0 

11 -7 

75 -7 

y A VO rage of the Ist 

Clarified juice 

* 

17 -1 

13*2 

77 -0 

J fortnight 

Mixcjd juice , 

• 

j 

16 0 

12-2 

76 -5 

> Average of the 2nd 

Clarified juice 


18-2 

14*2 j 

78-1 

J fortnight 

Mixed juice 


16 -3 

i 

12*6 

77 *3 

> Ave rage of the 3rd 

Clarifit^d juice 


18-8 

14*8 

78 *6 

J fortnight 

Mixed juice . 


16 '6 

13 J 

78 •'.) il 





> Average of the 4th 

Clarified juice 


181 

14-4 

7!) -7 

J fortnight 


Average inorease of purity from mixed juice to clarified juice is equal to 1 -26 
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Carbonation process 


Particulars 

Brix 

Pol 

Purity 


Mix ^d juice . , . , 

15 0 

11 -3 

75-2 

\ Average of 1st 

Clarified juice 

13-4 

10-5 

78-0 

/ fortnight 

Mixed juice 

15*9 

121 

76 ‘3 

\ Average of 2nd 

Clarified juice 

14-3 

1 11-3 

1 

78-2 

/ fortnight 

Mixed juice .... 

16-4 

12-6 

77 1 

\ Average of 3rd 

Clarified j nice 

15*3 

12-2 

79-3 

/ fortnight 

Mixed juice .... 

16-5 

12*9 

78*3 

\ Average of 4th 

Clarified juice 

15*5 ! 

^ 12-6 

80-9 

/ fortnight 


Average incroaso of purity 2 *4 


Those figures indicate that there is a greater elimination of non'Saeeharine solids 
from the juice by the carbonation piocess than with the other. Tlie foll(n\ ing ligures 
further show that the elimination of asli is also much great (m* l)y the I'oinu r process, 
being almost four times as great as in the latter. 


Particulars 

Ash 

per cent 
juice 

1 

Sulphitation process \ 


Mixed juice ... ...... i 

: 0 *530 

Clarified juice . . . , . . . , , ! 

; 0-474 

Mixed juice . . . . , . , . . | 

()-565 

Clarified j nice ......... 

0-487 

Carbonation process 


Mixed juice ......... 

0-540 

Clarifi ed juice ......... 

0-317 

Mixed juice ......... 

0 -548 

Clarified juice . 

0 -275 


These data show that the carbonation process is better suited for Punjab canes 
than the sulphitation process 





NOTES ON SOME FUNGI ISOLATED FROM ‘ BLACK POINT ’ 
AFFECTED WHEAT KERNELS IN THE CENTRAL 

PROVINCES 

BY 

JEHANGTR FARDUNJI DASTUR, M.Sc., D. I. C. 

Mycologist to Oovernment, Central Provinces and Berar, Nagpur 
(Received for publication on 26 S ‘ptemb(!r 1941) 

(With Plato XXIX and eight text-figuros) 

I N a previous publication [Dastur, 1933] it was mentioned that from ' black 
point ’ infected wheat kernels, tJiough they all look alike, more than one 
kind of fungi have been isolated when incubated under aseptic conditions. 
This paper deals with a study of some of those fungi which have not been as 
yet recorded on wheat kernels. 

The ' black point ’ infected seed was surface-sterilized by a brief soak 
either in a 0*1 per cent solution of corrosive sublimate or in rectified spirit 
before it was planted on moist sterilized filter paper in a sterilized petri dish. 

In a majority of (‘ases not more than one fungus at a time was found 
associated with tlie diseased seed. In those few (iises which gave a mixed 
fungus flora the mixture included one or more of the following : — As])e,rgx\lu8 
sp., Penicillium sp., Mucor sp., Fiimrium sp., Chaetommm sp., AUernaria sp., 
Cladosporium sp. 

Cochlioholus trifici n. sp. Dast. 

In some rare cases an ascigerous fungus wa^s isolated from ‘ black point ’ 
affected kernels ; ' black point ' affected seeds are usually viable ; but those 
in which the blackening of the embryo end was caused by this ascigerous 
fungus failed to germinate ; as the number of isolations of this fungus has been 
very small it is not possible to conclude that the kernel diseased by this fungus 
is always not viable. A few days after the surface-sterilized seed was planted 
on filter ]ia})er in a petri dish under sterile (conditions minute wartlike pro- 
tiiberanccB appeared on the seed. Later the pericarp ruptured and globose or 
sub-globose blacck bodies, the perithecia, became distinctly visible ; similar 
bodies were also seen scattered amongst the hyphae wliich liad spread from the 
diseased seed to the filter paper. No other organism was found associated 
with this fungus. On the filter paper the perithecia are scattered ; on the seed 
they are at first scattered but later they become crow ded together forming a 
carbonaceous, brittle, crust-like mass. The perithecia on tlie kernels are not 
embedded in its tissues but are formed on the outside of the pericarp partially 
surrounded by a cob-web of dark coloured hyphae. There is no development 
of a stroma (Plate XXIX, fig. 1). On agar media and sterilized wheat stalks, 
seed or bran the perithecia are similarly developed ; they are erumpent, and 
scattered or gregarious. They have generally a prominent neck especially 
those formed on the ‘ black point ’affected kernel (Plate XXIX, fig. 2), but at 
times the neck is absent. This is particularly so in the case of perithecia 

731 
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developed on culture media (Plate XXIX, fig. 3). They are globose, sub-globose 
or flask shaped, usually glabrous ; but at tildes there is a develop- 
ment of undifferentiated hyphae ; the perithecia are black in colour ; the 
neck when present is cylindrical and has a fringe of hyaline cells at 
the tip. The walls of the perithecia are thick but fragile ; they readily 
break even under slight pressure. The perithecia with the beak measure 
219*8 — 596*6x172*1 — 406 1 pi; the body measures 204 — 560 (jl ; the neck 
measures 53* 1 — 235*9x53* 1 — I23*9pL. 

The asci are numerous and embedded in filiform paraphyses (Plate XXIX, 
fig. 4). In a mass, asci and paraphyses have a greenish tinge but individually 
they are hyaline. The asci are usually long and narrow (Plate XXIX, fig. 5) 
but at times they are short and broad ; they are straight or slightly curved ; 
they are more or less clavate in shape ; the long asci are usually pedicilate (Plate 
XXIX, fig. 6) ; whereas the short ones are sessile with a rounded base (Plate 
XXIX, fig. 7) ; they measure 79 * 8 — 228 x 13 * 3 — 34 * 2pL ; usually they measure 
121*6 — 203*2x15*2 — 22*8{jt. They contain eight ascospores. 

Paraphyses are generally inconspicuous, though numerous, and surround 
the asci ; they are very slender, upto 1*7 {jl, in width ; they are frequently 
branched, occasionally dichotomously ; they are multiseptate ; not con- 
stricted at the septum ; the apex is rounded and slightly broader than the 
rest of the body of the paraphysis. 

The ascospores are coiled in a close helix (Plate XXIX, fig. 8); they usually 
escape from the asci througii an opening formed at the apex by the dissolution 
of the apical part (Plate XXIX, fig. 5). At times they escape from the basal 
end of the ascus, and occasionally from both the ends simultaneously. As the 
helix of the ascospores emerges through the opening it gets xincoiled ; when the 
whole mass of coiled ascospores is out of the ascus they are usually completely 
free from each other and are scattered some distance away from the ascus 
At times only a few ascospores escape from the helix and the remaining asco- 
spores are still confined in a loose helix. The ascospore is thin, long and heli- 
coid or horse-shoe or wavy or contorted in shape (Plate XXIX, fig. 9) ; rarely 
straight ; and, therefore, its length cannot very accurately be measured ; the 
apex is slightly rounded ; the basal i)art tapers gradually and the end is pointed; 
it is hyaline in colour, but rarely has an olivaceous tinge ; it is many septate, 
4 — 12 ; at times there is a constriction at the septum ; the ascospores measure 
1 25 * 4 — 30 1*6x3* 8 — 7 • 6 (jl they germinate readily ; germ -tubes are developed 
from any or all segments. 

In one of tlie progenies of a culture started from a single ascus, conidia 
resembling those of Hehninthosporium were developed. These conidia are 
light brown or honey coloured, and 5 to 9 septate. In shape they are generally 
elliptical and straight or slightly curved ; they are not variable in shape. 
They are rounded at both ends, have a basal scar and are never forked. They 
measure 45*6 — 83*6x11*4 — 15*2 (jl. The germination is bi -polar ; the wall 
is firm. 

Single spore cultures of this Helminthosporium gave only the conidial 
stage on Glucose agar and Rice meal agar ; on two per cent plain agar slants 
conidia were not developed ; but only empty globular or flask shaped bodies 
black or brown in colour, resembling the perithecia described above, were 
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formed ; on sterilized wheat grains and wheat bran perithecia and conidia were 
developed. 

Conidia from a single spore culture of this Helmmthosporium were used 
for inoculating ears of wheat plants grown in pots. The inoculum was placed 
on glumes after the flowers had set. The glumes of the grains of the inoculated 
spikelets showed tyjncal symptoms of infection. The glumes had the charac- 
teristic tobacco coloured or bhu^kish brown coloured lesions and the kernels 
showed the typical ' black j)oint \ When these glumes and kernels were 
planted under aseptic conditions on culture media the ascigerous fungus was 
isolated. The asci measured 126*0 — 221 -Ox 15 *75 — 21*()g ; the ascospores 
measured 1 57 • 5 — 345 • 4 g . 

Surface-sterilized wheat and rice grains were inoculated with this single- 
spore culture oi Helmmihosporiur^^^ and incubated in sterilized moist chambers. 
The perithecial stage was not develo|)od but the hyfdiae produced Helmintho- 
sporium conidia in large numbers. The conidia on these wheat grains measured 
38*0 — 83*6x 11*4 — 15*2g ; the number of septa varied from five to eleven. 
The conidia on rice grains were similar to those found on cultures of the 
ascigerous fungus and measured 38*0 -58* 8x7-6 — 15-2u. The se})ta varied 
from five to nine. 

Taxonomy 

The genus Opluobolus Riess, in the broad vSaceardian sense, can be readily 
divided into two distitud- series, the lielicoid and the non-liclicoid ascigerous 
series according to the arrangeinent of ( he ascosjjoTVs in the asci. The known 
perfect stages of the gT*aminicolus Hclminthos])()ria belong to the helicoid 
series. Drechsler 1 1934] has shown that these graminicolus Helminthosporia 
have charactoristics which arc suflicicntly distinctive and constant to be group- 
ed together for purposes of classification. He, tlicrefore, has removed this 
helicoid series from the original genus Ophioholus and has placed it in a new 
genua, CocMioboliis, a name which indicates the he]i(*oid arrangement of the 
ascoa;|)ores. Idie tyj )0 species is 0. h(4e7r)siwphm (Syn. Ophioholus lieterostro- 
phus Drechs.), the ascigerous stage (yIl Hidminfho^^ maydis Nisliikado et 

Miyake on Zea mays. Therefore, a(*(*()rding to Drechsler, the following 
members of the helicoid ascigerous series, Ophiobohis miyabeanus Ito et 
Kuribayashi (Syn. H. Oryzae, Breda de Hann) on Oryza saliva ; 0. sativus 
(P. K. et B.) Ito et Kuribayashi (Syn. H, sativurn Pammel, H. acrothecioides 
Lindfora) on Hordeim sativum Jess, and Triticum vulgare ; 0. setariae Sawada 
Ito et Kuribayashi (Syn. 11. setarimi Sawada) on Seiaria italica, S. glanca and 
8. viridis ; 0. kusanoi Nishikado (Syn. H, kusanoi Niahikado) on 

Eragrostic major would now^ be renamed CocMiobohis miyabearius (Ito et Kuri- 
bayashi) Drecdis. C. sativus (Ito et Kuribayashi) Drechs., C. setariae (Ito 
et Kuribayashi) Drechs. and 0. kusanoi (Nishikado) Drechs. respectively. 
The ascigerous stage of Hebninthosporiuni sie.nospihim Drechs. on Saccha- 
rum officinalis belongs to the helicoid series and has been named Cochliobohis 
stenospilus by Matsurnoto and Yamamoto [1936]. Our fungus, both in its coni- 
dial and perfect stages, provides a close parallelism with these six species. 
There is a marked similarity betw^oen tlie perithecia of these species and our 
ungus. They are globose or flashed sliaped, black or blackish brown in 
colour and have a thick pseudo -parenchymatous fragile wall ; the beak of the 
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perithecium is without setae as in C, miyabeanua and G. heterostrophus ; judg- 
ing from the illustration given by Matsumoto and Yamamoto [1936] the beak 
of the perithecium of C, stenospilus also seems to be without setae, the body 
is glabrous or may occasionally bear sterile hyphae. The perithecium may be 
with or wittiout a beak. There is a considerable difference in the size of the 
perithecia of these seven species (Table I). 

Table I 

Size of perithecia and their ostiolar beaks 



Perithecia 

Ostiolar beak 

0. miyabeanus 

370- 760x370-~780[ji 

95-200x56— 110(x 

C. sativus .... 

770—530 X 340— 470[i 

90—160x80—11011 

(7. seta/riae .... 

240— 500x220— 31 5[i. 

60—125 X 60 - 1 10(ji 

(7. heterostropus . . . , 

400 X 400- - 600|^ 

160x 160ii 

r. kiiaanoi .... 

300- 360 X 300- • 350iJi 

. . 

C, stenospilus 

266 -462 X 238— 448|i 


C\ n. sp. .... 

220—697 X 172— 406n 

i 

63—236 X 56- 124ix 


The asci have a general resemblance in size ; the range of variaiion both 
in the length and breadth of the asci of our fungus is much greater than that of 
other species (Table II). 

Table II 

Size of asci and ascosjyores 


Asci I AscoBporeB 



Length 

Width 

Lt'ligtli 

Width 

Soptation 

i 

C. miyabeanus 

142-236^1 

21— 36[a 

235— 468^1 ' 

6— 9(x 

6-16 

C. satirnis . 

110--220[i 

32— 45[ji 

160--300(jl 

6-™ 9(1 

6—13 

C. setariae . 

130 160g. 

22— 32ix 

200—316(1 

0—7(1 

6—9 

(7. heterostrophus . 

160— 180g 

24— 28(x 

130—340(1 

6—7(1 


(7. kusanoi 

130— 170fx 

14— 18ix 

140—170(1 

6(1 

6—8 

C. stenospilus 

127— 195{x 

20— 33n. 

130—300(1 

6—8(1 

4 — 12 

C. n. sp. 

1 80 — 228 |x 

13— 34|i 

126—301(1 

4 — 8 [A 

1 1 

4—12 
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The smallest ascus of our fungus is much smaller than the smallest of the 
other species ; but the maximum measurement is very close to that of 
C. miyabeanus and C. sativns. In width the smallest measurement is practical- 
ly the same as that of C. husanoi and the maximum is very close to that of 
0. miyabeanus, C. seiariae and G. stenospilus. 

In the number of ascospores in an ascus our fungus resembles C. kusanoi ; 
both have invariably eight ascospores. In C. heterosporus the number varies 
from one to four (typically 4) and in the remaining four species it varies from 
one to eight. 

The range of variation in the length of the ascospores of our fungus is 
practically the same as that of C. stenospilus ; tlie ascospores of the other 
species except those of C. kusanoi are longer than our fungus. There is no 
marked difference in the width of the ascospores of these species ; the number 
of septa of the ascos[)ores of our fungus is the same as that of C. stenospilus 
and the ascospores of both are mostly flagelliform. 

The conidia are brown or brownish in colour fusiform or long elliptical in 
shape, occasionally slightlj^ curved, five to nine seydate measuring 45*6 — 
83* 6 X 11 -4 -ir)-2g ; they have never been observed to be forked ; their wall 
is firm ; hilum is ])resent. The germination is bij)olar, germ tubes have not 
been seen to arise from tlie intermediate cells. 

Our fungus does not ]) 08 sess comydete similarity with any one of the knowm 
syjecies of the helicoid series of the ascigerous stage of the graminicolus Helmin- 
thosyjoria ; though in some individual characters it may resemble one or more 
of these known s])e(d(^s. Our fungus is, therefore, considered to be a new sy)ecie8 
of the helicoid series. It is congeneric with Cochliobohis and the binomial 
C. trilici sy), n, is y)roj)osed. 

Cochliobolus tritici sj). n. Dastur 

Peritheeia scattered or gregarious, black or brownish black, pseudo])aren- 
chymatous, fiagile, flask shajjed, with or without ostiolar beak ; bodies 
globose, 220 — 51)7x 172 — 40()g ; usually glabrous, at times covered with 
vegetative hyphae ; beaks, wben yucsent, well developed, (iylindrical, 
53 — 236 x53 — 124g ; asci numerous cylindrical or clavale, straight or slightly 
curved widest below^ the middle, rounded at the ayyex ; shortly stiy:)itate at the 
base or sessile hyaline and thin w^alled SO -228x 13*0— 34 0 [jl. Paraphyses 
numerous, hyaline, at times di(*hotomously branched, extremely fine, uy3to 
l*66a wide, septate. Ascos])ores, eight in number, disposed in a strongly 
helicoid aiTangement, flagelliform or filiform, obtusely yxunted at the apex and 
sharj)ly y)ointed at the base ; wider at the apical y)ortion than the basal which 
is tayDering ; four to twelve septate hyaline in colour 125*4 — 301*6 by 
3-8 — 7*()ji. (Jonidia straight or slightly curved, elliptical with broadly rounded 
ends, five to nine seyitate ; basal scar present, w^all firm light brown to honey 
coloured, 45 * 6 to 83 • 6 by 1 1 • 4 to 15 • 2u; germination bi-y)olar. 

Hab. on kernel of T'riticwm vulgare. 

Cochliobolus tritici, sp. nova 

Peritheeia disy^ersa vel aggregata, nigra vel brunneo -nigra, pseudoparen- 
chymatica, fragilia, am|)horae similia, ostiolari rostro praesente vel abseiite ; 
corpora globosa, 220 — 597x172 — ^406|x ; generatim glabra, non raro tamen 
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operta hyphis vegetativis ; rostra, si adsunt, bene evoluta, cylindrical 
53 — 236x53 — 124|i ; asci plures cylindrici vel clavati, recti vel leviter curati, 
latiores sub medio, rotundi in apice ; sessiles vel breviter stipitati in basi, 
hyalini, et tenuibus parietibus praediti, magnitudinis 80 — 228x13*0 — 34*0|i. 
Paraphyses plures, hyalinae, non raro dichotome ramificatae, admodum graci- 
les, latitudinis ad l*66pL, septatae. Ascosporae numero 8, dispositione 
valde helicoidali ordinatae, flagelliformes vel filiformes, obtusae in apico, valde 
acutae in basi ; latiores ad apicem qiiam ad tenuescentem basim ; 4 — 12 
septatae, colore hyalinae, magnitudinis 125*4 — 301*6x3*8 — 7*6(jl. Conidia 
recta vel leviter curvata, elliptica, extremitatibus late globata, 5 — 9 septata ; 
cicatrix basalis adest ; parietes firmi, colore ex tenuiter brunneo ad melleum 
praediti, 45 • 6 — 83 *6x11* 4 — 15 • 2p. ; germinatio bipolaris. 

Habitat in seminibus Tritici vulgaris. 

Type specimens are deposited in the herbaria of the Mycologist to the 
Government of the Central Provinces and Berar and of the Imperial Myco- 
logist, New Delhi. 

This fungus was isolated some 5 ^ear 8 back from ' black point ’ affected 
wheat kernels. During the writer's absence on leave most of the cultures of 
fungi isolated from this source were lost as a result of a bad infection by 
mites. Since then innumerable ‘ black point ’ affected wheat kernels have 
been planted on agar media and moist filter papers but from none of these 
plantings this fungus has been obtained, though various other fungi previously 
secured have been re-isolated. Several methods for the surface sterilization 
were adopted including the use of chemicals such as silver nitrate which Davies 
[1935] has found to be less toxic than mercuric chloride. 

Helminthosporium sp. A 

The growth of this fungus on the infected seed is characteristic ; it can be 
readily dififerentiated from that of other fungi growing on ‘ black point ’ 
kernels when incubated under moist conditions. The aerial mycelium is 
scanty, both on the pericarp of the kernel and on the filter paper on which the 
kernel is planted. Both the pericarp and the filter paper are covered wdth a 
black or sooty powdery mass the conidia and conidiophores. 

Conidiophores 

Conidiophores on the kernel are developed in two ways ; either 
directly from the mycelium in the cells of the host tissue or from the thin 
layer of aerial mycelium developed on the outside of the pericarp. The my- 
celium in the pericarp generally forms a stroma from which the conidiophore 
arises ; but the conidiophore may also arise directly from a hypha in the sub- 
epidermal cells. When the conidiophores arise directly from the mycelium 
in the tissues of the kernel, the lower end of the conidiophore is swollen or bul- 
bous (Figs. 1-3). But when the comdiophore is borne on the aerial my- 
celium it is a prolongation of a hyphal branch (Figs. 4 and 5) ; the beginning of 
the development of this conidiophore is marked by slight thickening, swelling 
and colouring of the terminal cell of this hypha. The conidium is unbranched ; 
it usually arises from the substratum singly and is coloured light brown. 
The number of conidia borne on conidiophores arising from the pericarp of the 
kernel is small, one to seven, but of those borne on conidiophores in cultures is 
as much as 17 judging from the number of scars and goniculations present on 
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conidiophores. The development of oonidia is typical of the genus Hdmin- 
thosporium. The conidium is borne terminally ; just below the point of its 
attachment the conidiophore grows onward forming a geniculation and bears 
another conidium. The process continues making the conidiophore genicu- 
lated ; the number of bends correspond with the number of conidia deveb 
oped. 



Hehninthospornim sp. A. ( x 270) 

Fig. 1. A conidiophore emerging through an epidermal cell 

Fig. 2. A conidiophore developing from a stroma 

Fig. 3. A conidiophore with a conidium 

Fig, 4, A conidiophore arising laterally from a hypha 

Fig. 5. A hypha developing into a conidiophore 

Fig. 6 . Conidia, two conidia are gorminating 

Helminthosporiuin sp. B. ( x 600) 

Fig. 7. A eonidi(ndiore develo}>ing laterally from a hypha 
Fig. 8. Conidia, two conidia are germinating 

The conidiophores borne on the pericarp measure 41 — 243p up to the first 
scar or geniculation ; their bulbous ends are 5-5 to ll^i in width. The number 
of septa from the bulbous end up to the first sc^r varies from three to six. 
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Conidia 

The conidia both on the wheat kernel and on culture media 
vary in shape ; they are obpyriform, obovate spear-head shaped or elongated 
elliptical ; the apex is either broadly rounded or pointed ; there are variations 
between these two extremes ; the conidia are stipitate and liave a conspicuous 
hilum ; the stipe is about 3 — 9(ji long ; they are straight and regular but at 
times are crushed out of shape as they are crowded together ; the mature conidia 
are dark brown or honey coloured ; the septa are indistinct (Plate XXIX, 
fig. 13) ; they vary from three to seven ; at the basal end there is a distinct 
hyaline or lighter coloured area ; the wall is firm. 

The germination is invariably from the basal end or the hilum . 
(Fig. 6). The conidia measure 45-6 — 91 ‘Ox 18 *7 — 30 -Oa generally 
52-0— 78‘OX 18-7— 30‘4a. 

In culture media the growth of this Hehninihosporvum is as characteristic 
as on the ‘ black-point ’ kernel. The aerial growtli is limited ; the mycelium 
forms a thin felt-like growth ; when the conidia develop the colour becomes 
greenish black. 

Inoculations of wheat seedlings failed to produce lesions on the leaves 
or stem ; but when immature ear heads were inoculated the glumes developed 
lesions and the kernels the typical smudge on the embryo end. 

Helminthosporivm sp. B. 

This H elminihosporium differs from the other Helminthosjjoria isolated 
from ‘ black point ’ affected wheat kernels in the conidiophores and conidia 
being very small, and in the conidia having a constant number of septa, 
namely three. 

The conidiophores are very sparsely developed directly from the tissues 
of the kernel ; they emerge singly between the epidermal cells of tlie pericarp ; 
they are scattered ; their basal segment is not swollen. The incubated kernel 
on its outside is covered by a layer of brown mycelium from wliich 
conidiophores are developed in large numbers. Tliey are generally formed 
laterally but in some cases they are borne terminally, the brown hypha bearing 
a conidium at its apex. Tlie conidiophores that emerge from the host tissues 
or are borne laterally from the hyj)hae of the mycelial felt are short, 
unbranched, light to dark honej^ coloured ; the head bearing the conidia is 
very slightly broader than the rest of the conidiophore ; it is not strongly geni- 
culated at the points of attachment of the conidia ; the scars marking these 
points are close to each other (Fig. 7) ; up to the first scar the conidiophores 
have three to five septa and measure 23*0 — 53*2 x3*5[jl ; the number of 
conidia borne is small, about two to six. 

The conidia are elliptical in shape, both ends are similar and broadly 
rounded ; the basal end is distinguished by a not too prominent hilum ; the 
conidial wall is smooth, firm and thick, light to dark honey coloured ; the septa 
are three and clearly visible ; the germination is from each end, never from 
intermediate cells ; xisually it is from the hilum end that the germ-tub© first 
develops ; only one germ-tube is developed from each end ; but from the base 
of the lowermost cell a side branch is often develoj -ed (Fig. 8). The conidia 
measure 18*75— 30'0x7*5 — ll*25g. 

This 11 elminihosporium is not the same as JS. triseptum Drechs. isolated 
from velvet grass, Noiholcus lanatus by Drechsler [1923]. H, triseptum has 
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bigger oonidia, 35 — 50x15 — 21a; they are dark olivaceous in colour and 
germinate only from the basal end. 

The coleoptile and stems of seedlings inoculated with this fungus develop 
tobacco brown lesions ; the roots turn brown. ‘ Black point ’ affected kernels 
wtre developed from inoculated flower heads. 

Pseudophoma sp. 

This disease is first noticed on wheat ears. The infected immature heads 
are lighter green in colour than the healthy heads ; this difference in colour is 
noticeable only when the ear is green ; when it matures and turns brown the 
colour of the infected ear is the same as that of the healthy ear. A few or all 
the spikelets in a ear may be affected. Tlie infection is first seen on the outer 
palae ; it commences as a minute pale brownisli si)eck ; it enlarges elliptically 
along the length of the palae forming a diffused lesion and ultimately may cover 
the greater part of the palae ; the diseased area later turns tobacco brown ; at 
a later stage the central part of the lesion turns lighter in colour, pale straw 
coloured or slivery grey coloured ; the lesion thus has a distinct dark brown 
margin, the outline of whicli is not sharply defined . Iji the pale coloured centre 
black pycnidia are developed ; they are not scattered but are arranged in rows 
between the vascular strands or veins. The infection may spread to the inner 
membranous palae ; the lesion is diffused and tobaec^o brown in colour ; pycni- 
dia in linear rows are developed on the inner palae as well. The kernel may be 
well developed or shrivelled or aborted. Tlie infected kernel does not necessarily 
have a black smudge at the embryo end ; tlie lesion is usually a brown 
coloured line on the furrow, other parts of the pericarp may also be affected. 

Transverse sections of a glume or a |)eri(^ar|) through a lesion with pycnidia 
show that they may originate in cells just below the ejadermis, so that the 
mature pycnidium looks as if it had developed suyierficially, or they may 
develop in the inner tissues, in which case the mature py(‘nidium fills jiraetically 
the whole thickness of the glume or the }iericar]) (Plate XXIX, figs. 10 and 11). 
In the liost tissues the pycnidia do not seem to be embedded in a stroma (Plate 
XXIX, figs. 10 and 11). The pj^cnidia burst through the epidermis. When 
' black point ’ affected kernels are planted on moist filter |)a])er and incubated 
in most chambers under aseptic conditions at room temperature the fungus 
does not develop a prominent growth of the aerial mycelium ; it is scanty and 
spreads out fan-like on the filter paper ; the colour is brownish or blackish 
brown. On the filter paper the pycnidia are formed singly, are scattered and 
superficial ; there is no trace of the presence of a stroma. On the incubated 
kernel also the mycelial growth is very scanty and appressed to the pericarp. 
The pycnidia may be crowded together but there is no development of a stroma. 
On agar media also pycnidia are without a stroma. They are thick walled, 
coriaceous to carbonous, ])ear shaped or sub-glob(>se, and bear a short but 
distinct beak (Plate XXIX, fig, 12). \Mien seen from above under high magni- 
fication a distinct ostiole or opening is visible ; the ostiole is not minute ; 
basidia are absent or obsolete; thepjenidia measure 38 — 53x 152 — 228a. 
The conidia escape from the ostiole in long tendril or worm-like mass. They 
are hyaline elliptical or ovoid, one celled and i on-guttulate. They measure 
6-0 — 6*7x1 *7 — 3*0 (jl ; conidia when placed in water swell considerably and 
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become bi-cellular before they germinate. Germ tubes are developed from 
both ends. 

Wheat seedlings and ears inoculated with this fungus gave positive results. 
Brownish to blackish elongated lesions were formed on the stem ; on the glumes 
typical diffused elongated tobacco coloured lesions develop ; on the kernels 
enclosed by the inoculated glumes the embryo end was discoloured and at 
times there were also lesions on the pericarp. 

Taxonomy 

Our fungus belongs to the family Phomaceae, sub-family Hyalosporae. 
In this sub-family, it is very near the genus P^wa Fr.,em Desm. According 
to Saocardo [1884] in Phoma the pycnidia are not beaked, the ostiole is minute 
or obsolete, and the spores are mostly two-guttulate. As our fungus has not 
these characteristics it is doubtful if it can be placed in this genus. The im- 
portant difference between this genus and Pseudophoma v. Hoehn., according 
to Clements and Shear [1931], is that the latter has rostrate pycnidia and the 
spores are hystogenic. Von Hoehnel [1910] gives the following description of 
the new genus created by him : — ‘Stromata sub-epidermal ganz pycnidenahn- 
lich, mit allseitig gleich massing cntvdckelter, gut abgegrenzter Kruste, oben 
mit schnabelartigem Fortsatz, der (allein) nach aussen durchbricht. Conidien 
je eine aus einer Gewebszelle des Stromainnern histolytisch entstehend, zylin- 
drisch-stabchenartig, zeimlich gross, durch den schliesslich oben ausbrockelnden 
Schnabelfortsatz entleert.’ * On wheat glumes and kernels thick walled 
bodies, brown to black in colour are developed in the tissues of the host, comp- 
letely or partially filling the thickness of the glume or the pericarp ; whether in 
some cases at least, these pycnidial bodies are ‘ stromata ganz pycnidenahn- 
lich it is difficult to say ; but in cultures, on agar media wheat stems and 
bran and on moist filter papers, there is no stroraatic development ; pear 
shaped or globular thick-wafled pycnidia with a short but distinct beak are 
developed, singly or in clusters ; the beak is clearly ostiolate. The conidia do 
not seem to be developed by hystolysis ; the basidia are obsolete. 

As our fungus has rostrate pycnidia with a distinct ostiole it is provisionally 
jdaced in the genus Pseudophoma v. Hoehn., even though it does not wholly 
answer to the description given by v. Hoehnel. 

Pseudophoma sp. 

Pycnidia sub-epidermal, without stromata, thick -walled, coriaceous 
to carbonous, pear shajied or sub-globose, with a short beak, ostiolate 
38 — 53x152 — 228g ; basidia obsolete ; conidia hyaline, elliptical or ovoid 
one-cclled, non-guttulate, escaping through the ostiole in long tendril, 
5-0 — 6*7 X 1*7 — 3-0(x ; germination bi-polar ; when placed in water conidia 
swell and become bi-cellular. 

Nigrospora sphaerica (Sacc.) Mason 

A Nigrospora was isolated both from the ‘ black point ’ affected wheat 
kernels and from spotted glumes of rice {Oryza saliva), 

*My thanks arc due to Dr G. W. Padwick, Imperial Mycologist, and Dr B. B. 
Mundkiir, Assistant Imperial Mycologist, Imperial Agricultural Bcseamh Institute, New 
Delhi, for very kindly supplying me the original descriptions of Phoma and Pseudophoma 
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The growth of the fungus on Avheat kernels incubated on moist filter 
paj)er8 under aseptic conditions is white and sparse ; later the mycelium is 
chiefly api)ressed to the surfiice of tlie kernel and the filter paper ; it does not 
form a compact mass ; the white colour is soon replaced by a diffused black or 
brownish colour — a sort of pepper and salt colour — on account of the develop- 
ment of conidia bearing hyphae Avlncli are brow n in colour. The conidia are 
borne 'singly on short swollen or vesicular basidia, whicli may bo hyaline or 
brown in colour. The conidia are broadly clli})tical w itl) rounded ends or are 
sub'globular, when seen from the side ; thciy are round when seen from 
the apex ; they are deep, dark brown or black in colour and o])a(|ue ; under 
high magnification the}" are seen to have a (central lighter coloured globular 
area ; the short diameter of the conidium is in continuation of the vertical axis 
of the basidium. The conidia borne on the mycelium originating from the 
incubated wdieat kernels are smaller than those ])roduced in cultures. The 
former measure 13-0^ — 10*0x9*5 — lo-Og ; tliose (leveloped on rice meal agar 
cultures measure 15*0 — 26 -Ox 11*0 — 18 -Tg. The A" h/ZTMjwa isolated from 
spotted rice glumes is similar to that isolated from Avheat kernels. 

Miyake [1910] has described Epicoemm liyalopes Miyake on rice glumes in 
Ja])an wdii(;h to Mason [1927], from the descri])tion given, ‘ seems undoubtedly 
to be a Nigrospora \ As the conidia measure 14 — 18 x 13 — log, Mason con- 
siders it to be N. spliaerica (8acc.) Mason. l^\lni [1918] lias described 
A. javanica Palm from wheat glumes. The (u>nidia measure 22 — 30g ; they 
are much bigger than those develo]>ed by the fungus isolator! from wheat and 
rice by us. This fungus is, thereforc^ considered to Nigrospora spliaerica 
(Sa(;o.) Mason. 

Inoculations of scodlings and ears of wheat and rice* isolated from these two 
hosts have given negative results. 

Sclerotivm rolfsii Sacc. 

Innumerable ' black point. ' affec ted kernels haA'C been incuhated under 
asejitic conditions ; but this sclerotial fungus, was isolated only from half a 
dozen kernels. 

This fungUvS A\as idcmtical with that isolatcxl fiom roots of wilted wheat 
plants and of other hosts siu4i as tomatoes, jiotatoc's etc. It is, therefore, not 
necessary to give a detailed description of tlie fungus. 

Inoculations of heat seedlings and green ears a\ ere siu^cessful. 
lihizoctonia sp. 

This fungus has often been isolated from ‘ black jioint ' wheat kernels and 
from spotted glumes of rire {Orj/ze safiram). 

On rice glumes at first a luownish speck is visible ; tlhs incTcases in size 
elliptically ; ultimately the centre of tlie lesion turns white and the margins 
black or brownish black. The w hite or the centra] ])art of the lesion is dry and 
slightly depressed, it ultimately cracks ; minute hlac’k scterotia-like bodies are 
visible even Avith the naked eye in the Avliite part of the lesion. The lesion 
is confined only to the glume ; the rice grain or secxl is noianal. 

The sclerotia are globular and bla.(*k in colour ; they meas\ire 

23-~~76x2a--61g. 

Inoculations of w heat and rice seedlings and ears were unsuccessful. 
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Summary 

An account of some fungi not previously recorded on * black point ’ 
affected wheat kernels is given. The fungi described are Cochliobolua tritici 
n. sp., Helmithosporium sp. A. andJT. sp. B., Psendophoma^p., Nigrospora 
ipTiaerica (Sacc.) Mason and Rhizocionia sp. Sclerotium rolfsii Sacc. has also 
been isolated from ‘ black point ’ affected kernels. 
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EXPLANATION OF PLATE XXIX 

Cochliobolus tritici n. sp. 

Fig. 1. Section of a wheat pericar|> through a peritheciurn 

Figs. 2 & 3. Perithecia with and without beaks 

Fig. 4. Asci with paraphyses 

Fig. 6. A group of asci 

Fig. 6. A stipitate (iscus 

Fig. 7. A non -stipitate ascus 

Fig. 8. Asci showing the helicoid arrangement of ascospores 
Fig. 9. Ascospores 

Pseudophoma sp. 

Fig. 10. Section of a wheat pericarp through pycnidia 
Fig. 11 . Section of a wheat glum(^ through pycnidia 
Fig. 12. Pycnidia with beaks 

Hehninthosporium sp. A 
Fig. 13. A group of conidia 
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Introbxjction 

A t the present time, evidence has been adduced to show that one of the 
probable causes for the preservation of the fertility of the paddy field 
soils is through the fixation of atmospheric nitrogen. In this connection 
Sen [1929] has demonstrated the presence of a nitrogen -fixing bacterium 
within the root of the rice plant, after the manner of the Leguminosae, while 
Viswanath [1932] has obtained indications that the rice plant itself possesses 
the power of assimilating elementary nitrogen. De [1936], working with 
a mixed culture of algae and bacteuia, came to the conclusion that the fixa- 
tion of nitrogen in rice soils under water-logged conditions is an algal pro- 
cess, while the absence of fixation in the cultures kept in the dark implies 
that bacteria cannot alone be involved. De and Bose [1938] found that in 
the water-logged period conditions are unfavourable for certain bacteria 
like Azotobacter which are unlikely to be very active at this time. By far 
the most irnportanc works on this subject have been those of Fritsch and De 
[1938] and De [1939]. They have concluded that nitrogen-fixation in these 
soils is purely through the agencies of algae and the part played by bacteria 
is relatively unimportant and possioly nil. They further found that nitro- 
gen-fixation was confined to Kspecies of Anabaena, w^hile Phormidium foveola- 
rum afforded no evidence of fixation. Lately Uppal, Patel and Daji [1939] 
have showai that Azotobacter plays an important role in the nitrogen recupera- 
tion of rice soils at Karjat. 

The present work arose out of the observation that in the paddy field 
soils of the United Provinces and Bihar there is an universal growth of a 
plant community constituted mainly by Aulosira fertilissima Ghose inter- 
mingled with filaments of Anabaena ambigua Rao, Anabaena fertilissima 
Rao and Cylindrospermum gorakJiporense Singh. This association forms a 
thick and compact stratum, and sometimes it becomes so extensive as to 
cover the surface of a field completely, interrupted only at places where paddy 
plants grow out. At the close of the harvest period the above blue-greens 
were observed to be reproducing freely by spores. After a fortnight or so 
it was found that the plants disintegrated and died, leaving behind only 
the spores for perennation. The presence of a large number of spores in the 
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upper layers of the soil was availed of, and it was thought desirable- 
to start cultures with these spores because of t he little chances of contamina 
tion from bacteria and fungi. 

For the sake of comparison Protosiphon botryoides (Kiitz.) Klebs forma 
parieticola Iyengar, a member of the Chlorophyceae, was isolated from a 
paddy field of the Benares district. It was observed that the vesicles of the 
alga contained a number of thick-walled cysts, some of which were also liberat- 
ed in the soil. After a week the plants died leaving behind only the cysts. 
The cultures in the present case were, therefore, started with the cysts. 

Culture methods and isolation of the algae 

The culture solution used for the growdh of these organisms was De’s 
modification [ 1939 ] of Benecke\s solution [cf. KuflFerath, 1930 ] substituting 
KNOs for NH4NOa. Its composition is as follows: KNO3, 0*2 gm. 
MgS04 7 HjO, 0* 2 gm. ; CaClj, 0* 1 gm. ; KHPO4, 0*2 gm. ; PeClg, (1 per cent), 
2 drops ; water (pyrex distilled), 1,000 c.c. In some experiments sterilized 
soil-extract was used as the basal medium ; in others where tlie effect of 
changes in of the culture medium on growth of the algae and their nitro- 
gen-fixing capacity was to be studied the above modification of Benecke’s 
solution was buffered with j)otassium phosphates (mono-, di-, or tri-phos- 
phates) to give the desired pH ; while still in others where the importance 
of K and Ca ions on growth and activity of these plants was investigated 
various other modifications were used. In some cases nitrogen-free media 
were utilized and those generally used were : ( 1 ) modified Benecke’s solution 
with the omission of KNOg, (2) solution containing, K2HP()4, 0*5 gm. ; 
MgS04.7H,0, 0-2 gm. ; CaS04, 0*1 gm. ; FeP04, 0*1 gm. ; Oxg (Pb4)*, 
1*0 gm. ; Fed 8 (1 per cent), 2 drops and water (pyrex distilled), 1,000 c.c. 

In order to obtain uni-algal cultures the following method w^as adopted : — 
Soil blocks without the least disturbance of the surface layers were brought to 
the laboratory and examined under a dissecting microscope. This revealed a 
large number of spores mostly on the surface of the vsoils. Also, the sjiores of 
the different species of algae under consideration w^ero found in groups, thereby 
facilitating a good deal of their isolation, which was carried out as follows : 
The lumps of spores were removed from the soil with a pair of hot needles on 
a clean sterilized glass slide in a drop of sterilized w^ater and under tlie micro- 
scope the adhering soil particles w^ere^ as far as possible, removed. Next, the 
spores were transferred with hot forceps to a test tube containing a little 
sterilized distilled water and closed with a rubber stopper and shaken vigo- 
rously. The suspension was then allowed to stand for 15 minutes and the su- 
pernatant turbid liquid was decanted off’. This process w as repeated several 
times until the supernatant liquid became perfectly clear. Finally the spores 
and in the case of Protosiphon botryoides the cysts along with a few c.c. of the 
liquid were transferred to a sterilized centrifuging tube in sterilized distilled 
water and centrifuged. The su spension was further diluted five times and 
again centrifuged. A loopful of this suspensinn was pipetted out by means 
of a hot pipette and transferred to several agar plates, and these were then 
exposed to light when after 15 or 20 days many showed good growth. Numer- 
ous filaments radiated from the poii|ta of inoculation, and single healthy 
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ones were selected and their positions marked with Indian ink imder a micro- 
scope. Portions of the agar including such marked areas were then cut out, 
and transferred to the liquid medium mentioned previously and allowed to 
grow in 250 c.c. pyrex Erlenmeyer flasks. 

For getting bacteria-free cultures silica gel plates were utilized. The 
silica gel was prepared by mixing equal volumes of hydrochloric acid (sp. 
gr. 1*1) and potassium silicate solution (sp. gr. 1*06). Merckxs sodium sili- 
cate pure crystals w^ere used and the solution was made up with cold water. 
In a number of 9 cm . Petri dishes, 40 c.c. portions of the mixture were placed 
and after 48 hours when the gel had hardened, the plates were first w^ashed 
in running tap water until free from acid and subsequently several times 
with boiled distilled water. Each plate was then impregnated with 5 c.c. 
of the following solution : KNO3, 0*lgm.; MgS04.7H20, 0- 1 gm. ; K2HPO4, 
0*2 gm. ; CaCla, 0*1 gm. ; FeCls (1 per cent), 1 drop ; w^ater (pyrex dis- 
tilled), 100 c.c. Finally the plates were exposed to a temperature of 60^ C. 
until the surface of the gel was fairly dry and then sterilized in an autoclave 
at a pressure of one and a half atmosphere for 20 minutes. 

A loopful of the centrifuged suspension containing at the most five 
spores or cysts on the average w^as pipetted out and transferred by means 
of a hot sterilized pipette to the centre of a sterilized silica gel plate and spread 
over the surface by means of a hot glass rod. After this the plates were ex- 
posed to diffused light obtained from a north window in the laboratory. It 
took about a month or so for the spores to germinate and form algal fila- 
ments and in the case of the cysts the time taken was a little longer. After 
the appearance of the filaments a little of each w'^as transferred to one of the 
soil-extract-nitrate-cane-sugar-agar plates described below, and, if found 
contaminated, fresh sub-cultures on silica gel were made as above and the 
process repeated. When one or more colonies were obtained, wdiich appeared 
to be pure when tested by the above method, they were transferred to a culture 
medium and allowed to grow for sometime. They were finally tested for purity 
by the methods described below. In this w’ay Aulosira fertilissiraa, Cylindro- 
spennmn gorakhporense, Anabaenu ambigua, A. fertilissima and Protosiphon 
botryoides forma parieticola were obtained in pure cultures. 

The following media, both solid and liquid, were used for testing the 
purity of the cultures : (1) nutrient agar, (2) soil-extract-nitrate-cane-sugar- 
agar (De’s modification of Benecke’s solution given above with 50 c.c. soil- 
extract and 15 gm. cane-sugar), (3) Beijerinck’s medium containing 20 gm. 
mannite, 0*2 gm. K2HP04, and 1,000 c.c. tap water, (4) medium containing 
2 per cent mannitol, 0*2 gm. K2HPO4 in 1,000 c.c., 10 gm. CaCOa in 1,000 
c.c, and 1,000 c.c. tap water. Several drops of a suspension of the supposedly 
pure algal growth were inoculated into the above media, which were then 
incubated for a week in the dark at 25*" C., the presence or absence of turbidity 
and grow th of bacterial colonies along the line of inoculation in liquid and 
solid media respectively, being taken as an index of the presence or absence 
of bacteria. 

The isolation from bacteria by growing the algae on sterilized silica gel 
plates was also started wdth the uni-algal filaments but it was observed that 
^ome of tiie cultures produced turbidity when grown in the testing medii^. 
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It is, therefore, concluded that it is safer to start with spores in order to 
obtain pure cultures. 

Nitrogen analyses were made by the macro-Kjeldahl method. At the 
end of an experiment the entire contents of the culture vessel (medium + 
alga) were poured into a Kjeldahl flask, any grow h adhering to the side of 
the vessel being washed out with pure cone, sulphuric acid. Total nitrogen 
was estimated by the Gunning-Hil bard modification of Kjeldahrs method 
[Wright, 1939]. Digestion and distillation were carried out in the usual 
way, the ammonia evolved being absorbed in N/15 H2SO4 and estimated 
by back titration with N/15 NaOH, using methyl red as an indicator. For 
the determmation of small amounts of nitrogen, N/BO acid and alkali were 
used and the acid boiled to drive off CO 2 before titration. 

Pyrex Erlenmeyer flasks of 250 c.c. capacity were used for growing the 
cultures and the mouth of each flask was plugged with cotton-wool. A dozen 
empty flasks were, at one time, sterilized in an autoclave at a pressure of 
one and a half atmosphere for 20 minutes. After 24 hours the flasks 
were subjected to a second heating under the same pressure to ensure 
the complete elimination of bacteria. Next in each one of these flasks 100 
c.c. of the culture medium was kept, the plugs replaced, and the whole 
again heated twice after the manner described above. The flasks were then 
allowed to stand for two days before being inoculated with a suspension of 
the alga in water. AH cultures were grown under laboratory conditions of 
temperature and pressure. An overhead Philips electric lamp of 250 watts 
provided illumination of constant intensity adjusted to such a height that it 
did not affect the temperature of the surroundings of the cultures. On the 
average the cultures were illuminated for 10 hours daily. 

Nitrogen-fixation by the algae 

Five replicates were made for each treatment and the experiments were 
conducted in two series. The mean of the replicates and ultimately the mean 
of the series has been taken as the criterion of the nitrogen-fixing capacity 
of the a^gae in question. The results are presented in Tables I-IV. 

1. Auhsira fertilissima Ghose. In both the series in all cases the growth 
of the alga in the l>eginning was quite rapid and it formed a membranous 
blue-green stratum on the surface of the culture medium, which in most of 
the flasks extended on the sides above the level of the liquid, irrespective 
of the medium containing nitrate, or not. After a week’s incubation the 
algal stratum, in cultures with nitrate in the medium and especially in 
those having soil-extract as the basal medium, began to fade out and finally 
became pale or almost colourless ; while in cultures without nitrate, it conti- 
nued to retain its bluish-green tinge even after the second week. At the close 
of the second week, however, in some of the flasks, with nitrate and with 
nitrate and soil -extract, patches of green colour began to appear on the side.s 
signifying thereby the renewed growth of the alga. The algal stratum, 
however, never became so thick and compact as that found in nature. 
After the third week’s incubation the behaviour of the cultures as described 
above remained similar and it continued tp be so even after the close of the 
experiment. 
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Table 1 

Nitrogen-fixation by Anlosira fertilissima Okose 

(Nitrogen in mg. per 100 c.c. of the medium. Period of incubation 46 days) 
j First series | Second series 


Media 




Mean 



Mean 



Initial N 

Final N 

IS fixed 

; of 

Final JS 

N fixed 

of 

Mean of 





replicate 



replicate 

series 

1. N-free (Do's modi- 


7-3 

7-3 

7*4 

7-7 

7-7 

7*6 

7-6 

DcatioQ of Be- 
itecke'e solution 
without KNO, ) 


7-6 

' 7*6 


7-4 

7*4 




7-2 

i 7-2 


7*6 

7*6 





7*4 

7-4 


7 -5 

7*5 





7-6 

7*5 


7-8 

7*8 



2. soil-ex- 

0-4 

8*4 

' 8*0 

8*08 

8*6 

8-2 

8*02 

8 06 

tract 


8-6 

8*1 


8*3 

7*0 





8-6 

8*1 

i 

8*5 

8-1 





8-6 

8*2 


8*3 

7-9 




i 

8-4 

8*0 


8*4 

; 8*0 


j 

ii. N-free-f nitrate 


00 

2*9 

2*92 

60 

! 3-1 

i 

: 2*68 

2*8 



6-2 

3*3 


5-5 i 

2-6 


j 



6*6 

2*7 


6*3 

1 

2-4 





6*9 

8*0 


5*7 

2-8 

{ 

! 


i 

6-6 

2-7 


5*4 

2:> 



4. N-free-f n itrato 
-f soil-extract 

8-8 

11*8 

8*6 

8-8 

11-7 

8'4 

1 8*6 

8-7 


122 

8*9 


j 1.1-6 

8*3 

1 




12-4 

91 


120 

8*7 

! 

j 



120 

8-7 


11-9 

8-6 

i 

j 



121 

8*8 , 


12-3 

9*0 

1 



2. Gylindroapermum gorakhporenae Singh. The growth of Cylindrmpernmm, 
gorakhporense was always submerged and it formed a thick dull-green irregular 
stratum on the bottom of the flask. In soil-extract-nitrate medium tiie growth 
was slow in the beginning and it was not until the commencement of the 
third week that the algal stratum became visible at the bottom of the flask. 
In N-free-soil-extract and N-free-nitrate media, however, the growth was 
quite rapid at the start but after a week’s incubation the stratum became 
pale and finally colourless. It renewed growth after the second week’s 
incubation. Oii the whole, in the latter two media, the algal cells w'ere 
abnormally developed. The heterocysts were very much elongated and the 
cell-contents, which were at first granular became homogenous and jiale 
yellow. 

3. Anabaena amhigwi Rao. The growth in case of this alga was, in the 
jbeginning, submerged, the colonies being in the form of narrow cylinders, 
standing almost erect. Later, however, they had the tendency of rounding 
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up and c()inini>: up on tJie surface of the culture medium. In the N-free-soil- 
extract and N-free-niti’ate media the growth was quick at the start ; but 
after two weeks' incubation tlie colonies began to lose colour and became 
diffluent, finally yetting mixed up with the medium. In tlie soil-extract- 
nitrate medium, however, the algal (olonies were quite intact till the clore 
of the experiment. 


Table II 


Nitrogen- fixation by Cylindrosperrmim gorakhporense Singh 
(Nitrogc^n in nig. 100 c.o. of the medium. Period of incubation 45 days) 




I'MrBt series 


1 

Second series 


Mf’dia 




Mean 



Mean 

Mean of 


Initial X 

> Final N 

N llxed 

Oil 

Final N 

1 N fixed 

of 

series 





replicate 



replicate 


1. N-free (Dfi’amodl^ 


4-5 

4*5 

4*28 

4*1 

4*1 

4*02 

4-16 

flcation of Bc- 









necke’8 solution 
without KNOo) 


4-2 

4-2 


3*8 

3*8 




3*8 

3 '8 


3*9 

3*9 




1 

4-6 

4-6 


4*2 

4-2 




1 

4-3 

4-3 


4*1 

4*1 

1 


2. N-frce + soil-ex- 

0-4 

4-8 

4-4 

4*08 

6*4 

5*0 

4-78 

4*rt 

tract 

1 

5-2 

4*8 


5*5 

5^1 





5-3 

4*9 


4*9 

4*5 





5*2 

4*8 

i 

1 

4*0 

4*5 





4 '9 : 

4*5 


1 6*2 

4*8 



3. N-free + nitrate 

2*9 

4-9 ' 

2*0 

2*40 

4*8 

1*9 

2*3 

2*88 

1 


5-5 

2*6 

1 

i 4*7 

1*8 



1 


5*6 

2*7 

1 

5*4 

2*5 



1 

1 


5’4 

2*6 


6*6 

2*7 





6-4 

2*5 


5*5 

2*6 



4 . N-froe -f nitrate 

3-S 

8-3 

5*0 

4*82 1 

8'0 

5*8 

5*0 

4*91 

f soil-oxtraci 


7-9 

4*0 


8*3 

5*0 





7-8 

4*5 


8*2 

4*9 





8*2 

4*9 


8*0 

4*7 





8-4 1 

5*1 


8*4 

5*1 j 




4. Anabaena fertilissitna Rao. The growth, in tliis case, consisted of small 
spnerical colonies of l)lue-green colour at the bottom of the flask. These 
after a week’s incubation aggregated to form irregular bigger colonies and 
the colour changed to brownish -black. In the N-free soil-extract and N- 
free nitrate media the growth of the alga was quite quick and it remained 
so till t he clase of the experiment. In the N-free and N-free nitrate-soil- 
extract media tlie growth was slow in the beginning but after the third week’s 
incubation it became quite vigorous, 
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Table III 


Nitrogen-fixation by Anabaena ambigua Rao 
(Nitrogen in ing. por 100 c.c. of the m(!(liura. Period of incubation 45 days) 


Media 

First series 


Second series 


Initial N 

Final N 

.. 

N fixed 

Mean 

of 

replicate 

1 

Final N | 

N fixed 

Mean 

of 

replicate | 

j 

Mean of 
series 

1. N"free(De’siiaodi- 


3 *8 

3-8 

3-6 

35 

3*5 

3*50 

3*58 

flcation of Be* 







j 


necke’s Bolutfoii 


3-6 

3-() 


3*4 

3-4 



without KNO,) 







1 




3-3 

3-3 


3*7 

3*7 





3-7 

3*7 


3*0 

30 





3-ft 

30 


3 0 

30 



2. N-ft‘ee+ soil-ex- 

0-4 

4-2 

3*8 

4*00 

4*7 

4-3 

4*22 

4*14 

tract 











4-6 

4*2 


4*5 

4*1 





4‘5 

41 


4*0 

4*2 





4-6 

4-2 


4*0 

4*2 





4-4 

4*0 


4*7 

4*3 



3. K-freo 4- nitrate 

2-9 

GO 

2*1 

2*20 

5.3" 

2-4 

2*3 

2*28 



5-4 

2*5 


5*5 

2-0 





4-8 

1*9 


5-4 

2*5 





G’2 

2*3 


4-9 

i 2*0 





6-4 

2*G 


4*9 

1 2*0 


1 

4. N-free 4- nitrate 

3*8 

9-3 

6*0 

G-58 

8*6 

! 5*3 

5*66 

5*62 

4 soil-extract 











9-2 

5*9 


8-9 

1 5*6 





8-6 

5*3 


8-7 

5*4 

! 




8-7 

5*4 


9*4 

0*1 



1 

1 

1 

1 

8-fi 

6*8 


9*2 

1 5*9 


[ 


6. Protosiphon Botryoides (Kiitz.) Klebs forma parieticola lyeng. The 
growth of the present alga was completely retarded in N-free and N- 
free-soil -extract media. There was slight growth in the beginning in the 
N-free-nitrate medium but after the third week’s incubation a few vesicles 
of the plant were found attached to the sides of the flask above the culture 
medium. In N-free-nitrate-soil-extract medium, however, the growth was 
plentiful, and clusters of dark -green vesicles appeared at the bottom and the 
sides of the flask. There was, however, no increase in tlie nitrogen content, 
which meant that -the alga was unable to fix nitrogen from the atmosphere. 
After the fourth week’s incubation in the last medium tlie vesicles began to 
disintegrate fast and within four days the plant died completely, perhaps 
due to the deficiency in the nitrogen content of the medium. The same 
observation was recorded in reganl to the N-free-nitrate medium, as the 
growth was completely inhibited after the fourth week’s incubation. 
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Table IV 

Nitrogen- fixation by Anabaena fertiUssima Boo 
(Nitrogen in mg. per 100 c.c. of the medium. Period of incubation 45 days) 



I First series 

' 

Second s 

erles 


Media 


[ 


Mean 



Mean 

Mean of 


Initial N 

Final N 

N fixed 

of 

Final N 

N fixed 

of 

1 series 





replicate 



replicate 

■ L 

! 

1. N-free(De’8inodi* 


4-6 

I 4*6 

4*6 

4*7 

4*7 

4*64 

4*62 

flcation of Be- 
nc<5ko’8 solutiou 
without KNO«) 


4*8 

! 4-8 

( 


4*9 

4*9 




4-5 

1 4-5 


4*6 

4*6 





4-6 

j 4-6 


4-4 

4*4 





4*6 

j 4-5 


4*7 

4*7 



2. N‘frce -| 8oil-ex- 

0-4 

6-7 

! 6*3 

5*3 

5*r> 

6*1 

T) ■ 14 

■> * 22 

tract 


6*6 

6‘2 


6*4 

I 

6*0 





6-7 

6-8 j 


6*6 

5*2 





6*7 

6*8 


6*6 

6*2 





6'8 

6*4 


6*6 

5*2 



3. N-free+nltrat/e 

2-9 

6-8 

2*9 

2*76 

5*3 

2*4 

2*74 

2*75 

1 


5*9 

30 


5*8 

2*9 





6*3 

2*4 


6*7 

2*8 ! 





6-6 

2*7 


6*6 

2*7 1 

i 

1 




6*7 

2*8 


6*8 

2*9 

1 


4. N-free-j- nitrate 1 


9*8 

6*5 

6*56 

10*2 

6*9 

0*06 1 

6-01 

•f soil extract ! 


10*0 

6*7 


10 0 1 

ft*7 

1 

1 


I 


9*6 

6*3 


10*0 

6*7 





9-7 

6*4 


9*8 i 

6*5 1 

I 




10-2 

6-9 


9*8 1 

6-5 j 




Factobs determining growth and nitrogen -fixation 


1. Illuminatio7i, The optimum light intensity was found to depend to a 
marked extent upon the growth conditions, i)articularly, the medium used. 
In nitrogen-free media tlie growth and the nitrogen-fixation capacity of 
Atilosira fertilissima Ghose were accelerated to a marked extent with increasing 
light intensity but the cultures could not stand the direct sunlight of very 
high intensity for a long time as after the fifth week’s incubation the algal 
cells began to disintegrate and finally disappeared completely. In diffused 
light, obtained from a north window, the growth proceeded slowly and it 
was not till the end of the third' week’s incubation that the algal stratum 
became visible. Later, however, the growth became greatly increased and 
the vigour of the cultures remained more or less constant till the close of the 
experiment. The nitrogen-fixation capacity also increased. These cultures 
were illuminated, on the average, for 10 hours daily. Some cultures were 
kept in the dark, and in these cases the growth appeared to be very slow 
and it remained so tilj the end of the experiment. The nitrogen-fixing 
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capacity of the alga also remained almost constant. But, it increased Very 
considerably in such cultures as were provided with 1 gm. of sugar per 100 
c.c. of the medium. It was, however, found that the best light conditions 
for maximum growth and nitrogen-fixation was intermittent light, i.e., 
when the cultures were daily kept alternately in diffused light and direct 
light for five hours. In media containing nitrogen the growth was greatest 
in direct light, but the nitrogen-fixation capacity of the alga was* slightly 
retarded. The reason for the latter behaviour is obvious, 'fhe results of 
the above mentioned experiments, carried out with Aulosira fertilissima 
Clhose, are given in Table V. 

Table V 


Growth, and nitrogm-jixation by Aulosira fertilissima Ohose under varying 

light conditions 

(Nitrogen in mg. per 100 c.c. of tho medium. Period of inc.iibatiou 4.5 days) 


Illupiinatioii 






Medium used 

Growth 

N fixed 

Daily period in 

Light source 




hours 





10 

Direct sunlight 

N-free .... 

Vigorous, retarded totally 

6*3 




after five weeks 


10 

Direct sunlight 

N-frce + soil-extract . 

Vigorous, retarded totally after 

6’8 




five weeks 


10 

Direct sunlight 

N-free -{-nitrate 

Best 


10 

Direct sunlight 

N -free + soil-extract -f- nitrate 

Best . . . . ■ . 

5-3 

10 

DUfused light 

N-froe .... 

Slow in the beginning, increas- 

7-8 



ed after third week and 
remained constant 



10 

Diffused light 

N-free -f- soil-extract . 

Comparatively quick . 

6*6 

10 

Diffused light 

N-free -f nitrate 

Quick in the beginning, but 

2*5 




after second week it was 
retarded 


10 

Diffused light 

N -free -|- nitrate -f- soil-extract 

; Quick in tho^ beginning, but i 

3-8 




' after second week it was 1 
retarded 1 


10 

Dark . . . ! 

N-freo .... 

Very slow but rqiinained con- 

3*5 




stant 


10 

Dark 

! N-froe -f 1 gin. sugar per 100 

} Very slow but remained con- 

4*5 



j c.c. of medium 

j .stant 


10 

Dark 

N-froe soil-extract + nitrate 

1 

Very slow and did not couti- 

2-3 



inio long 


10 

Direct and diffuse 

N-free .... 

Excellent .... 

8*6 


light (five hours 
each) 


Excellent .... 


10 

Direct and diffuse 
light (five hours 
each) 

Direct and diffuse 

N-free -f soil-extract , 

1 

7*6 

i 

10 

N-free -{ nitrate 

j Slow in the beginning . 

4*7 

light (five hours 
each) 

Direct and difflise 

10 

N-free 4- nitrate -f-soil-extract 

Slow in tho beginning . 

j 5-3 


1 ight (five hours 
each) 


i 

1 


2. Hydrogen-ion concentration. The effect of pH on growth and nitrogen- 
fixation capacity was studied on Aulosira fertilissima Ghose. The results 
of the various experiments are given lb Table VT. Tt is seen from this 
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table that a neutral or slightly alkaline medium is decidedly preferable for 
the alga. Growth could not take place below pH 6' 5. It was initiated at 
pH 6*5 and with increasing it became more and more vigorous, the 
normal being realized at 7*2. At higher 2 >H values, although the growth, 
to all outward appearances, was vigorous the algal cells were found to be 
abnormally elongated, especially the heterocysts. The nitrogen-fixation 
capacity of the alga also increased with increasing pH. It has also been 
observed that with longer period of incubation the pH of the medium 
begins to decrease, after three weeks’ incubation in case of the nitrogen-free 
media and after a week’s incubation in media containing nitrogen. This 
is perhaps due to the disintegration of the algal cells. 


Table VI 

Growth and nitrogen-fixation at dijferent p// by Aulosira fertilissima Ohose 

(Nitrogen in mg, per 100 c.c. of the medium. Period of incubation 45 days) 


Initial pH 

Relative growth (after 20 
days incubation ) 

j N fixed 1 

Final pH 

6*2 . 

None • . . . 

! “ 

5-0 

6*5 . 

None . . ♦ . 

1 

1 

5-2 

6*7 . 

None . . . . 

•• 

6 '8 

6-0 . 

None . * . . 

j , 

5 *4 

6-3 . 

None . . . . 

1 * ' i 

6*1 

6*5 . 

Slight . . . . 

2 *6 i 

j 

6*0 

6-8 . 

Fair . . . . . 

I 4*2 ! 

6*2 

7*2 . 

Normal . . . . 

! I 

6*8 

7*4 . 

Vigorous . . . . 

7 '8 ' 

7 -0 

7-6 . 

Vigorous . . . . 

1 8-1 

7*3 

8-0 . . . j 

Abnoimal (decaying) , 

6-5 

7 *5 

8 ‘4 . 

Abnormal (decaying) . 

j 5-8 

7*3 

8*8 . 

Abnormal (decaying) . 

2 *5 1 

1 1 

7*8 


3. Calcium and potassium ions. It w'^as reported by Allison, Hoover and 
Morris [1937] that neither calcium nor strontium, at least in concentrations 
greater than traces, was necessary for growth in the presence of combined 
nitrogen for Nostoc muscorurn Ag. In nitrogen-free medium, nitrogen fixation, 
however, decreases greatly in the arbsence of these ions, suggesting thereby 
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that they play a catalytic role in nitrogen-fixation, as in the case of 
Aiotobacter. Similar experiments were conducted with Aulosira fertilmima 
Ghose. The results of these experiments are given in Table VII. These 
results are in close agreement with those of the above mentioned workers 
in so far as the behaviour of the calcium ion is concerned. It has also been 
observed that calcium carbonate as against calcium sulphate or calcium 
chloride is most effective for growth and nitrogen-fixation. In another series 
of experiments, where basal medium consisted only of K 2 HPO 4 and the 
inoculating culture was grovn on a (;alcium-free medium, practically no 
growth was obtained, except where either combined nitrogen or calcium 
sulphate was added. Tinder such conditions the nitrogen-fixation capacity 
of the alga also increased. 

Table VII 

Effect of Ca and K ions on growth and nitrogen-fixaiion in Aulosina fertilissimal 

Ohose. 

(Nitrogen in mg. per 100 c.c. of th<' medium. Period of incubation 45 days. Basa 
medium: K2HPO4, 0*75 gm. ; MgSO4.7H2O,0 *2 gm. ; NaCl, 0-2 gm. 
FeClg.OHaO, 0 *005 gm. ; HgO, 1,000 o.e.) 


Treatment 

Rckitive growth (aftei* 20 days 
incubation) 

N fixed 

Control (baBal mediun\) 

None .... 


C^aS()4, 10 mg. ..... 

Sligld .... 

3*2 

CaClg, 10 mg. ..... 

Sliglit .... 

1 *8 

CaCOg, 10 mg. 

Normal .... 

1 8 *2 

KNOj, 10 mg. ..... 

; Slight .... 

2 *3 

KNO,, lOmg. -j 0a804, lOmg. 

i 1 i 

^ Normal . . . . 1 

f) -8 

KNOg, 10 mg. -f CaCIg, 10 mg. 

1 

i Normal . . . . 1 

1 j 

5-7 

KNO3, 10 mg. 1 CaCO.j. 10 rng. 

j VigoroiiK . . , . 1 

8*6 


Discussions 


A summary of our knowledge of the occurrence and role of blue-green 
algae in nature would seem to indicate tliat these organisms are of consider- 
able importance in the maintenance of soil fertility [cf. Bharadw^aja, 1940 
and Stokes, 1941]. The results obtained by Allison and coworkers [1937] 
with the most active nitrogen-fixing blue-green alga, Nostoc muscorum Ag., 
as they maintain it, lend further support to the same viewpoint. A similar 
conclusion w^as reaclud by Bristol [1920], even though nitrogen-fixing ability 
of certain Cyanophyceae had not, been demonstrated conclusively at that 
time. Petersen [1935], however, is doubtful about the economic importance 
of algae in soil, basing his views largely on the supposition that they make 
ittle growth except at the soil surface. He considers that the Myxophyeme 
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with the exception of Nostoc pumtiforme and possibly a few others, cannot 
grow heterotrophically or fix nitrogen in the dark. Author’s results with 
another active nitrogen-fixing blue-green alga, Aulosira fertilissima Ghose, 
isolated from the paddy field soils of the United Provinces and Bihar together 
with the recent results of Allison and coworkers [1937] with Nostoc muscorum 
Ag. and that of Winter [1935], as quoted by Allison and coworkers [1937] 
with Nostoc punctiforme, definitely contradict these two ideas which serve 
in large part as a basis for Petersen’s viewpoint. Whether Aulosira ferii- 
lissima Ghose actually makes an appreciable growth in soil where light does 
not penetrate still remains to be determined, but it is at least of interest to 
know that it has the capacity to do so. Moreover it has been observed that 
Aulosira fertilissima not only makes an appreciable growth in the dark but 
its nitrogen-fixing capacity also remains fairly considerable. 

If the results reported here in regard to Aulosira fertilissima Ghose are 
proved to be typical, it would seem that the nitrogen-fixing blue-greens thrive 
best in nearly neutral or slightly alkaline soils, preferably partly shaded and 
where moisture is abundant. Aulosira fertilissma also shows abundant 
growth in freshwaters, where the pH is very low, and sometimes in distinctly 
acidic soils. These studies suggest that even in acid soils it may be able to 
continue to multiply at the surface, because by growing together and constantly 
removing carbon dioxide from the soil during photosynthcvsis it may increase 
the pH locally. It has also been observed that it has the tendency to reduce 
the pH of the medium during its growth, probably due to the liberation of 
organic acidic substances during the death and decay of certain of its cells. 
In short it can be said that the alga luus a great buifering capacity. Its gela- 
tinous sheath also enables the organism to withstand remarkably dry soil 
conditions, as Pritscli [1932, 1930] and others have pointed out with Nostoc 
and other blue-greens. 

The nitrogen -fi xing algae, growing near the soil surface, are unique in 
being able to obtain both their carbon and nitrogen from the air. This, 
of course, explains why they appear so soon on new volcanic soils and in other 
|)laces where the soil is too poor to support most other forms of plant life. 

The results of the various experiments embodied in the text bring out 
two important conclusions : (1) blue-green algae, apart from the species 
of Nostoc and Anabaenay in pure cultures free from bacteria and other micro- 
organisms, are able to utilize and fix nitrogen, (2) the green algae appear 
to take no part in the fixation process, though the observations have been 
limited and confined to only Protosiphon botryoides (Kiitz.) Klebs forma parieti- 
cola lyeng. So far as the first one is concerned, it has been observed that the 
results of carefully controlled experiments, on a comparative basis, have 
shown that Aulosira fertilissima Ghose, a very prominent participitant in the 
algal flora of the paddy fields of the United Provinces and Bihar, fixes the 
greatest amount of nitrogen out of the other blue-greens under consideration. 
The results of another series of experiments'show that nitrogen-fixation capa- 
city of Cylindrospermum gorakhporense Singh, another common blue-green 
alga from tlie same localities, is by no means insignificant. The other forms 
that were isolated from these soils are Anabaena ambigua Rao and Anabaena 
fertiliasima Rao, which also appear to fix considerable amount of nitrogen 
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from the atmosphere. It is legitimate, therefore, to conclude from the above 
observations that the recuperation of nitrogen in the paddy field soils of India 
is an algal process, a view expressed also by De [1939]. It may be pointed 
out that the paddy field soils harbour a large number of algae [Singh, 1939 
mostly blue-greens, that are likely to play an immense role in the economy 
of these soils. Besides their capacity of fixing atmospheric nitrogen they are 
beneficial in aerating the upper layers of the submerged soils [cf. Harrison 
and Aiyer, 1914]. 

Again, the present investigation has a bearing upon the theory put for- 
ward by Dhar and co workers [1934-36], that nitrification in tropical soil- 
is more photochemical than bacterial, and that nitrogen-fixation is a questios 
of energy relations because more of nitrogen is fixed in soils mixed with energyn 
providing materials, such as carbohydrates, celluloses and fats in sunlight or 
artificial light than in the dark, although the Azotobacter numbers in the dark 
are very much greater than in the light. If this hypothesis is correct, then 
all chlorophyll-bearing plants and plant organs should fix atmospheric nitro- 
gen. But, this is not so, as all attempts to find nitrogen-fixation by higher 
p ants other than leguminous, since the classical work of Hellriegal and VVil- 
iarth [1888], have failed. The green leaf is undoubtedly the prime source 
of energy on this planet, where a chain of complex chemical reactions involv- 
ing energy changes and transference take place but no fixation of niti’ogen. 
From the algal side we have the results of numerous investigations wliich 
definitely show that the green algae, which by no means are less in their 
energy relations to the blue-greens, are unable to fix nitrogen. Kossowitsch 
[1894], by isolating a grass-green alga, Cysiococcm, in ])ure culture, found 
that it could not fix nitrogen. Schramm [1914] worked with seven species 
of the green algae and found that in the absence of combined nitrogen no 
growth took place, so he concluded that these algae could not under these 
conditions assimilate free nitrogen. Similar results were also obtained by 
Muenscher [1923] for Ghlordla. Investigations so far done on nitrogen- 
fixation have alleged this function in only Nostoc and Anabaena species, though 
Copeland [1932] mentioned forms, such as OsciUaforia princiips, Osc. formosa, 
S'pirulvm^^^ labyrinthiformis and Phormidhm. larninosum. The present work 
lias added two new forms possessing considerable nitrogen-fixing capacity to 
the existing list — Aulosira fertilissima Ghose and Cylindrospermuvi gorakh- 
porense Singh. The nitrogen-fixing ca[)acity of these plants may perhaps 
be due to their peculiar metabolic activities, about which very little is yet 
known ; and not to some simple energy relations whicdi Dhar and his co- 
workers explain. 

Summary 

The investigation deals with the nitrogen-fixation ability of some of the 
commonest blue-green algae — Aulosira fertilissima Ghose, Cylindrospermum 
gorakhporense Singh, Anabaena ambigua Rao and Anabaena fertilissima Rao — • 
isolated from the paddy field soils of the United Provinces and Bihar. It 
has been found that nitrogen recuperation in these soils is an algal process 
and the greatest fixation, amounting to 8*05 mg. per 100 c.c. of the N-free 
medium in 45 days, is obtained by Aulosira fertilissima Ghose. 
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For the sake of comparison, a grass-green alga, Protosiphon botryoides 
(Kiite.) Klebs forma parieiicola lyeng. was also isolated from a paddy field 
of Benares district and studied in the same way. It has been found that this 
alga does not fix nitrogen. 

Factors, such as, illumination, pH, and the effect of Ca and K ions on 
growth and nitrogen-fixation ability of Auhsira ferlilissinia Ghose, have also 
been investigated. 

In conclusion, I have much pleasure in expressing my great indebtedness 
to Professor Y. Bharadwaja, for his kind guidance and criticism throughout 
the course of this investigation. 
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C OLD storage is absolutely indispensable for the healthy development 
of fruit industry and it is no exaggeration to say that, but for the exist- 
ence of cold storage facilities in other countries, their fruit industries would not 
have survived for any length of time. The main reason for this is that most 
of the fruits are so easily perishable that after removal from the trees, they cari' 
not be stored even for a few days under ordinary atmospheric temperatures. 
Cold storage helps in extending the period of availability of fruits and thus 
reduces considerably the fluctuations in the priccvs of fruits. This enables the 
fruit growers to realize reasonable price for their fruits as they do not have to 
dump their produce in the market at any price. They can release the fruit 
from the cold storage as and when required to meet the demand of the market. 
Consumers, on the other hand, are able to secure fruits at reasonable price for 
a longer period in the market. 

Although the fruit industry in this country has not, so far, made any 
great progress, still the profitable disposal of fruit has already become an 
acute problem for the growers. For instance, in the Punjab, Malta oranges in 
February can be had at almost Re. 1 to Rs. 2 per hundred, and Sangtra orange 
at even 12 annas a hundred, yet after two to three ir onths these cannot be had 
at even five times the price of this. This is the condition in case of citrus fruits 
which have got a fairly good keeping quality. And worse is the situation in 
other fruits and vegetables which cannot be stored for even a day or two under 
ordinary atmospheric temperature prevailing in summer. When there is glut 
in the market, which is quite frequent, fruits and vegetables can be had at 
almost dirt cheap price. Tomatoes in June can lie had even at eight annas a 
maund and the price easily goes up ten times after sometime. 

Months of April to June are notorious in regard to the prevalence of many 
frightful diseases like typhoid when medical people in 99 per cent of the cases, 
do not recommend to patients anything else but the use of fresh fruit juices 
which are not available at this time of the year except those obtained from 
fruit stored in cold stores. In short, the cold storage can prove a boon to the 
growers and blessing to the consumers and it would be idle to expect sound 
development of fruit industry in the absence of cold storage enterprise. 

The importance of this problem was realized long ago and the Fruit Spe- 
cialist, Punjab, had submitted proposals several years back for the installation 
of a cold storage plant for experimental purposes but financial stringency always 
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stood in the way. Fortunately, a vigorous enterprise was started about four 
years back in the form of Cold Storage Company of Northern India and at 
their request the Imperial Council of Agricultural Research, in active coopera- 
tion of the Punjab Government, agreed to start experiments on the cold storage 
of fruits. The Cold Storage Company supplied a small plant of one and a half 
ton capacity, which was purchased later on by the Punjab Government. The 
Punjab Government and the Imperial Council of Agricultural Research agreed 
to share the other expenses of the cold storage scheme in equal proportions. As 
the plant had a very small capacity, only a few fruits could be experimented 
upon at a time. Citrus being the most important fruit of the province, na- 
turally received special attention although some other fruits like mangoes, 
pears and grapes were also experimented upon on a small scale. This paper, 
however, deals with the cold storage trials of Malta and Sangtra oranges 
alone. 


Review of literature 

Cold storage of Malta orange has been a subject of thorough study in other 
countries like the United States of America, Australia and South Africa. The 
results obtained in different countries vary considerably. Young and Read 
[1930] working on Valencia and Navel oranges found that 38°F. and 45^F. res- 
pectively were suitable temperatures for these fruits and these varieties kept 
well for three to four months and 3| months respectively at above temperatures. 
There was little change in sugar content of juice during cold storage. At 32®F, 
the fruit became bitter in taste after five weeks. Ramsey [1915] — cited by Ray 
Nelson [1933] — recommended the employ ment of temperatures considerably 
above 32®F., i.e. 38®-40°F. for oranges. Overholser [1930] — cited by Kar- 
markar [1941] — found that the temperatures of 30°-38®F. were most satis- 
factory. At higher temperatures the losses were heavy due to shrinkage and 
decay and lower temperatures caused pitting of the rind. Friend and Bach 
[1932] observed that at 44®-45°F,, Valencia orange could be kept very satis- 
factorily for long periods. Wardlaw [1933] stated that lO'^F. was well suited 
for the storage of certain classes of citrus fruits (except limes and grapefruit). 
He found that the loss in weight was largely a function of size and maturity 
and was directly related to the area of fruit surface exposed. He also advo- 
cated the use of cellophane or other thin strong wrappers, suitably impregnated 
with wax or other water proofing substances instead of ordinary wrappers. 
Stahl and Camp [193fi] found that 37* 5®F. proved to be the optimum tempera- 
ture for the storage of unwrapped, untreated oranges and the temperatures 
below this were better than temperatures above. Stahl, Camp and Fifield 
[1936] also recommended that wrapping was better than none at all. Samisch 
[1936] working on the gas storage of Valencia oranges remarked that the fruits 
stored at 32°F. and 36''F. kept better and showed no wastage as compared to 
fruits stored at 45'^F. and 70°F. Tomkins [1937] stated that 70 per cent relative 
humidity reduced wastage as compared to saturated atmosphere. If ventila- 
tion was sufficiently restricted to allow the accumulation of 10 per cent carbon 
dioxide, wastage might be increased. Cheema, Karmarkar and Joshi [1937] 
found 40'^F. to be the best temperature for the storage of Nagpur oranges 
(mandarins) and that washing with antiseptic solution was of no particular 
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value in lengthening the storage life of the fruit. Cheema and others [1939] 
found that Malta oranges from the Punjab kept for four months at 40‘^F. in 
good condition without am^ wastage. Stahl and Cain [1937] recommended 
high humidity and a temperature of 37'^F. with 6 per cent carbon dioxide plus 
12 per cent oxygen, as the most suitable conditions for the storage of oranges. 
Tindale, and coworkers [1938] stated that 40-42‘'F. was most suitable tem- 
perature for the storage of Washington Navel oranges at which these kept in 
good condition for 12 weeks. Storage life of Valencia Late oranges at 40- 
42°F. was 14 weeks. Tomkins [1936] working on Jaffa oranges stated that as 
judged by the time taken for- development of 10 per cent waste, storage at 
41°F. was preferable to storage at 50®F. Early season (November) fruit was 
more susceptible to rotting by green mould than the late season (March and 
May) fruit. Fiddler and Tomkins [1938] found that dipping oranges in 2 per 
cent sodium hydroxide was as effective as 6 per cent borax and leads to less 
injury to skin. One per cent borax plus one per cent sodium hydroxide were 
as effective as 5 per cent borax alone. Vander Plank and others [1937, 1938] 
emphasized that the effect of temperature varied with the nature of fruit stored. 
The temperatures 50-55°F. were beneficial for the storage of under-coloured 
or greenish oranges. At these tem]>eratures the fruit coloured well in storage 
and wastage was as low as at 39^F. The fruit stored at SO'^F. for about two 
months was liable to become stale while at 39°F. the flavour was well main- 
tained. Williams [1938] observed that the fruit stored in room at a tempera- 
ture of 36-38®F. kept much better than that at lower or higher temperatures. 
Wrapped fruit was better than unwrapped fruit. Karmarkar and Joshi 
[1940] found that percentage loss in weight of small fruit was always greater 
than that of big fruit except in case of grape fruit at fiS'^F. Rose and others 
[1938] recommended the use of 32-34"’F. and 80-90 per cent humidity for the 
storage of Washington Navel and Valencia Late oranges, at which storage life 
was 8-10 weeks. 

Material 

Two important citrus fruits, viz. Malta orange (Citrus sinensis) and 
Sangtra (C. nobilis) were included in the cold storage trials during 1938 and 
1939. 

Malta oranges , — Five varieties of Malta orange, viz. Common, Blood 
Red, Valencia Late and Seville were stored during 1938-39 and 1939-40. 
Musambi was tried in 1940-41. Malta Common, widely cultivated, is a heavy 
bearer, and normally quite pleasant in taste. Blood Red is the choicest variety 
of the Punjab and is liked very much due to the red colour of its flesh, pleasant 
taste, and agreeable aroma. Valencia Late is a late ripening variety, and 
possesses good flavour. Seville is a heavy bearer, Musambi is popular with 
invalids as it has very little acid. 

Malta Common and Blood Red were obtained from S. Mangal Singh’s 
Garden near Shahdara, Lahore, in the beginning of March ; Valencia Late from 
the Indian Mildura Fruit Farms Ltd. Renala Khurd, in the second week of 
March and Seville was obtained from the Experimental Fruit Garden at Lyall- 
pur in both the seasons in January. Musambi was obtained from Montgomery 
and Lyallpur districts during the second w^k of January. 
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8angtra oranges . — Sangtra is most commonly cultivated in the plains, 
the fruit is puffy or loose skinned and is easily damaged. The fruit is a bit 
acidic (0*92 gm. citric acid per 100 c.c. juice) but when mature, is quite plea- 
sant in taste. Two lots of Sangtra, one from Pathankote side and the other 
from Lyallpur, were tried during the two years of the investigations. 

The cold storage plant 

The cold storage plant is designed for carrying out experiments on a small 
scale. The outer dimensions of the plant are 14| ft. x 7| ft. x 7f ft. and has 
a storage capacity of one and a half tons. It consists of three small chambers 
designed to maintain three different temperatures (Plate XXX, fig. 1). The 
chambers are at present being cooled by cool air circulated by a fan over the 
cooling coils. Each chamber is divided into four compartments ^and every 
compartment is fitted with three immovable shelves. Individual chamber is 
served by an independent compressor-motor connected to a thermostatic 
switch. There is an ‘ air-lock ’ ft. x 2| ft. x 7 ft. for each chamber. 

Di-chloro-di-fluoro-methane commercially known as Freon or F'12, is 
used as refrigerant. It is non-inflammable and non-poisonous. 

The plant was installed at the end of October, 1937. Since then many 
additions and alterations have been effected to get a closer and uniform range 
of temperature. Most of the changes have been in direction of electric installa- 
tions done to get different speeds of circulating air. The diagrams of the elec- 
tric installation in the beginning and at present are given in Fig. 1. With 
the ,)L*3sent irrangementt it is possible to control the air speeds, both when the 
compressor is w'orking and w^hen it is at rest. These controls are adjustable 
according to the requirements as to whether higher speed is required w^hen the 
compressor is working or when it is at rest. This arrangement helps to mini- 
mize the fluctuations at the top and bottom of the chambers. 



Fio. 1. Plan of electric installation in the cold storage plant 
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Method 

The experiment was arranged to study the effect of size of fruit and 
different temperatures upon the storage life of different- varieties of Malta 
and Sangtra oranges. 

The fruit was graded into two sizes, viz. large and small. The diameter 
of large fruit varied from ?• 2 cm. to 8' 9 cm. and small fruit from 6‘ 0 cm. to 
7*2 cm. Half the number of fruits of each size was wrapped with butter-paper 
and the other half kept unwrapped. The fruit after wrapping was subjected to 
different ranges of storage temperature. The ranges of temperature in 
different chambers during the first trial were 24°-32° F., 36°-39°F. and 
40°-44°F. But the fluctuations were reduced to a closer limit due to the 
provision of more piping and improvement in the air circulation, different 
temperatures ranged as 29°-32°F., 36“-39°F. and 40°-43°F. 

The number of fruits used under each treatment (viz. three temperatures, 
two sizes and two wrappings) was 72 and the fruits were arranged in two rows 
in open trays. The trays were fitted with wooden splints at the base. 

Losses in weight of fruit 

For the purpose of determining the loss in weight during storage six addi- 
tional fruits under each treatment were numbered and weighed individually 
at fortnightly intervals. 

Other 'physico-chemical analyses 

Observations in case of all the varieties stored were made on the general 
condition of the fruit after every two weeks. Percentage weights of peel and 
available juice were recorded as well as acid and sugar (total soluble solid) 
content of the juice determined [Trout ei al. 1938] at four-week intervals. Four 
fruits were taken at random from each sub-lot at each occasion and the juice 
was extracted with the help of an electric driven ‘ Rose’s cone ’ and then 
strained through a muslin piece with hand press. 

Storage life. The fruit was considered properly stored so long as the wast- 
age did not exceed 10 per cent. 

Keeping quality of fruits after removal from cold store. Occasionally four 
fruits storecl at each temperature were taken out of the cold store and placed 
at room temperature to study their keeping quality after removing from cold 
store. 

Study of rot organisms. A study of rot organisms was made and identi- 
fication carried out. 

Results 

The results obtained in case of Malta and Sangtra oranges and even of 
different varieties of Malta orange are in general the same excepting their 
storage life. Consequently the data mainly of one variety, viz. Common 
(and of other varieties wherever necessary) -are presented to economize space. 
The data relating to storage life of different varieties of Malta and Sangtra 
orange are given in each case. The temperature range of 29°-32°F. being 
absolutely unsuitable for the storagfe of orahges due to the development of 
chill spots, the data at this temperature range were not collected. 
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Effect of storage temperature, size of fruit, wrax'ping and period 

OF STORAGE 

General condition and wastage of the fruit 

At 29®-32°F. the fruit developed chill spots (Plate XXX, fig. 2) after a 
couple of weeks in storage. The spotting was invariably accompanied by 
deterioration in taste to a varying degree which ranged from flat-watery to 
bitter and abnoxious. Even fruit, without chill spots at this temperature 
deteriorated in taste. This deterioration in taste was more marked when the 
fruit was placed at room temperature (90°-100°F.) for a few hours. Chill spot 
trouble was the least in case of Valencia Late and the most in Blood Bed. 

36°-39°F. proved to be the best range of temi)erature for the storage of 
Malta and Sangtra oranges. Malta Common at this temperature kept in excel- 
lent condition for four months (Table I), Blood Red for three months, Valencia 
Late for four and a half months, Seville for three months and Musambi for 
2f months (Fig. 2). Sangtra from Lyallpur and Pathaiikot kept in excellent 
condition for seven weeks in 1938 but the storage life was reduced to five and 
four weeks respectively in 1939 as the fruit was subjected to greater amount 
of handling and was not carefully picked and packed by the grower. 



Fio. 2. Showing the maximum cold storage life of difterent varieties of Malta orange 
and Sangtra under optimum conditions 
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The storage life of the Malta orange of different varieties was reduced at 
40°-43°F. both due to fungal attack and shrivelling. 

The size of the fruit had considerable effect oti the storage life of the fruit, 
large sized fruit kept in good condition for a longer period as compared to small 
ones (Fig. 3). 

Small fruits presented shrivelled appearance earlier than the large fruits 
and storage life was thus coiLsiderably shortened in case of small fruits (Table I). 
Similarly, wrapping the fruit with butter paper proved to be beneficial in pre- 
serving the colour, brilliancy and freshness of the skin of all the varieties tried. 



5T0«Ae,E 36-39°f 4D-4JF 

TCriPESATuBt 


Fig. 3. Showing the storage life of Malta coninioti fruit under different tri'atments 

Loss IN WEIGHT OF FRUITS (Tables II, 111, IV & V) 

The per cent total loss in weight of fruit (calculated on original fresh 
weight of fruit) was determined from time to time. It was observed that the 
loss in weight increased with the advance in storage period. The loss in weight 
was the greatest at 40°-43°F. and the least at 29°-32°F. and unwrapped fruit 
lost more weight than wrapped one. Similarly, small fruit lost comparatively 
more weight than large one. At the end of four months storage the total loss 
in weight of fruit under optimum conditions (large wrapped fruit, stored at 
36°-39°F.) varied from 18 per cent (in Valencia Late) to 26 per cent (in Com- 
mon Malta). Blood Red lost 26 per cent of its weight after three months 
(Table III). 



Tti INDIAN jDUtlNAL Ol** AGRICULTUBaL SGIKNCE 

Physico-chemical changes 


[XII 


Physico-chemical analyses of fruit were carried out for per cent weight 
of pe?l, per cent weight of juice, acidity and total soluble solids. 

Table I 

Showing the effect of temperature, size of fruit, wrapping, and period of storage 
on the per cent rate of wastage of fruit, of Malta Common orange 

(Calculated on the actual number of fruits in storage) 


No. of days In 
storage 

Large 

Small 

Wrapped 

Unwrapped 

Wrapped 

Unwrapped 

86°-39<^F. 

40M8'’F. 

.360-39“?. 

40“-4S“F. 

36“-39“F. 

40''-48“F. 

86“-89“F. 

40“-43‘’F. 

0 . . . 

0 

0 

0 

0 


O 

O 

O 

80 , . . 

0 

2-78 

1-39 

1 

1 

4-16 i 0 

1-39 

0 

1-39 

45 . . . 

0 

0 

1-62 

0 

1-49 

o 

0 

0 

60 . . . 

0 

307 

1-64 

i 

4-69 1-62 

1 

303 

1-49 

1-62 

76 . . . 

0 

10 -SO 

0 

18-70 

6-60 

36-60 

9-84 

30-00 

00 . . . 

1*54 

0*61 

6-08 

17-40 

17-87 

18-16 

23-64 

40-49 

105 

3*67 

54-78 

. ! 

i '■ 

83-30 ; 72-72 

i 

68-66 


67-60 


120 . . . i 

i 

7*40 


17-66 


75-0 

1 

66-60 

. ... 
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Table III 

Showing the mean per cent total loss in weight of large sized fruit of different 
varieties of Malta orange under optimum conditions at the end of storage life 


! 


Year 

1 

Varieties i 

Storage life 

1938 

1939 

i 

i 

1 

36°— 

(per cent) 

36®— 39®F. 
(per cent) 

Common ..... 

4 months 

26 -5 

■ 

27 *1 

Valencia Late 

4^^ months 

19 1 

j 17 *7 

Blood Red ..... 

3 months 

26-6 

21 -3 

j 

Seville ..... 

3 months 

22 -6 

21 -9 

Musambi* ..... 

2J months 

23 -6 

19-84 


* Miisambi was tried during 1940 and 1941 

Table IV 


Showing the effect of temperature, size of fruit, wrapping and penod of storage 
on the per cent loss in weight of fruit of Blood Bed orange 

(Based on six numbered fruits) 

Large Small 


No. Of davJ^ in 
storage * 

Wrapped 

Unwrapped 

W rapped 

Unwrapped 

! 

36V39-F. 

40*-4S‘’F. 

36®-39®F. 

40®*43‘’F. 

36‘'-89®F. 

40*-48*F, 

86*-39*F. 

40‘*-43"F. 

! 

35 . . . i 

i 

4-8 

4-16 

- 

6-97 

5-97 

6-66 

5-85 

8-70 

30 . . . 

11 '77 

12 -.50 

0-10 

11-65 

11-65 

13-58 

16-67 

14-29 

45 . . . 

13-70 

16-66 

3500 

36-98 

10-28 

21-63 

20-22 

22-67 

(K) . . . 

17 '64 

20 92 

1 38'18 

I 

21-93 

20-94 

t 

24-02 

24-22 

i 

26-86 

75 . . . 

! 

1 21-50 

j 

25-00 

! 25-00 

27-91 

23-26 

29-43 

27-78 

i 

28-68 

90 . 

25 '48 

29*17 

J 31-80 

39-53 

! 

1 27-91 

36-43 

36-10 

87-14 

106 . . 

28'50 

i 

33*17 

1 

j 35-80 

44-34 

32-81 

39-66 

38-30 

i 

42-45 
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Table V 

Showing the effect of temperature, size of fruit, wrapping and period of storage on 
the per cent loss in weight of fruit of Valencia Late orange 

(Based on six numbered fruits) 




Largo 


Small 

No. of days lu 
Btorago 

Wrapped 

Unwrapped 

W rapped 

Unwrapped 


36’’-39”F. 

40‘’-43“F. 


40‘‘-43"F. 

36‘’-39‘’F. 

40“-43‘’F. 

36"-39^F. 

40".43®F. 

15 . . . 

0-6 

2-20 

0-9 

1-20 

2-50 

2-60 

1-20 

2*70 

30 . . . 

2- 10 

2-40 

2-30 

2-60 

3-12 

4-00 

2-80 

4-97 

46 . . . 

4 26 

6-00 

4-40 

6-20 

6-12 

10-00 

6-10 

8-10 

eo , . . 

6-08 

8-00 

6-90 

8-90 

7-09 

16-50 

8-90 

17-60 

76 . . . 

8-61 

11-11 

i 11-11 

i 

13-40 

12-80 ! 

18-00 

10-30 

21-60 

90 . . . 

11-70 

16-60 

16-50 

! 

17-38 j 

i 

13-02 i 

1 20-80 

14-80 

22-80 

105 

14-90 

17-78 

20-00 

21-74 

15-38 1 

21-90 

18-00 

24-30 

120 

16-60 

19-70 

1 21 -(Ml 

1 23-20 ! 

18-00 

23-00 

21 -30 

20 20 


(i) Per cent weight of ped (Tables VI-VIII, Fig. 4). The per cent 
weight of peel was calculated on original fresh weight of fruit [Martin, 1937]. 
It decreased with the advance in the period and the decrease was more at 
40°-43°F. than at 36°-39°F. The per cent weight of peel was higher in large 
fruits than in small ones to start with, and remained so throughout the 
period of storage. The weight of peel decreased more in unwrapped fruits 
than in wrapped ones. 

{ii) Per cent weight of available juice (Tables IX-Xf , Fig. 4). Figures 
of available juice in the fruit were calculated on the original fresh weight 
of the fruit [Martin, 1937]. The per cent weight of juice decreased with 
the advance in the storage period. The fruits stored at 36°-39°F. had 
higher juice content than those at 40°-43°F. after a storage of four months. 
Small fruits had higher juice content than large ones, at the beginning of 
storage, but lost more weight of juice than large ones at the optimum storage 
temperature, i.e. 36®-39°F. Wrapped fruits had higher juice than unwrapped 
fruits. 

(Hi) Acid and total soluble solid contents of the juice (Tables XII and 
XIII). The acid and total soluble solids decreased during the period of 
storage when calculated on the original fresh weight. Other treatments, 
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viz size wrapping and temperature did not exhibit any 
the total soluble solid content though acid contents at 
than that at 36°-39°F. after four months storage. 


marked differences in 
40°-43°F. w«re lower 



Fro 4 Showing comparative lose in weight of peel fn(i jmceof Malta orange durmg 

FlO. 4. Showing 1 optimum conditions 


FtJNGAIi PATHOGENS 


Mdlia oranges 

Chm.pot«„g.ndde— 

age at low temperature, Viz. 29 • fnr»£Fal attack viz Penicilh'Ufn 

KeTby a vi« S^ead of the fu"ngu"s. Alternariaj^ was 

SltT Jf Ihfpulp near ttTm"end" T S stortg triab. Cdletoinckum^ 
j^eosjjorioidefl pemig was also observed to cause the s em e 
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28'5 27*85 27*5 25*1 26 02 j 2380 j 20*30 22*97 
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Table X 

Showing the effect of temperature, size of fruit, wrapping and period of storage on 
the per cent weight of available juice of Blood Bed orange 

(Calculated on original fresh weight) 


No. Of days In 
Storage 

Large 

^mall 

Wrapped 

Unwrapped 

Wrapped 

Unwrapped 




40'’-43«F. 

36"-39'’F. 

40®-43°F. 

36"-39®F. 

40'^.4S“F. 

0 . . . 

48-91 

48-91 

48-91 

48-91 

61-4 

51-4 

51*4 

61-4 

45 . . . 

43-15 

41-65 

41-9 

41-2 

43-78 

44-2 

440 

45-1 

76 . . . 

40-66 

37-78 

38-7 

36-64 j 

41-2 

40-45 

i 

40-6 

i 

40-6 

105 , 

36-13 

34-67 

33-43 

29-84 1 

38-4 

32-08 

34-25 

31-4 


Table XI 

Showing the effect of temperature, size of fruit, wrapping and period of storage 
on the per cent weight of available juice of V alencia Late orange 

(Calculated on original fresh weight) 


No. of days in 
storage 

Large 

iimall 

Wrapped 

Unwrapped 

Wrapped 

Unwrapped 


40'-43"F. 

30"-39®F. 

40'‘-43’’F, 

36"-39"F. 

40“-43‘’F. 

36'‘-39'’F. 

40'’-43'’K. 

0 . . . 

48-7 

48-7 

48-7 

48-7 

52-77 

62 77 

52-77 

62-77 

30 . . . 

49-0 

46-4 

46-5 

46-36 

63-1 

. 

62-0 

. 

62 6 

... 

62*0 

60 . . . 

48-4 

47-20 

48-2 

44-6 

50-14 

46 '4 

. 

48-7 

46-6 

90 . . . 

45-09 

44-8 

44-37 

44-6 

47-02 

45-19 

46-6 

44-16 

120 .. . 

44-73 

1 42-5 

^ •- i 

42-2 

41-7 

47-0 

1 

46-4 45-2 

1 

43-58 
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V | COLD STORAGE OF FRUITS IN tHE PUNJAB, 1 

Sangtba OBANGBS 

In Sangtra, in addition to blue and green moulds, another fungus 
Aspergilw niger was also found on decaying fruits. 

Keeping quality of the feuit aftbb bemoval from cold store 

Malta oranges were occasionally removed from cold store and placed at 
room temperature (86°-110°r.) to see the keeping quality of the fruit after 
removal from the cold store. It was observed that the keeping quality of 
fruit at room temperature was dependent upon the period of storage and the 
tem])erature of the room at which the fruit was stored. The longer the period, 
the fruit was kept in cold store, the shorter was its keej)ing quality. Again 
the higher the room temperature at which the fruit was placed after removal 
from the cold store, the shorter it kept in marketable condition. The observa- 
tions are given in Table XIV. 


Table XIV 

Effect of temperature and period of storage on the keeping quality of Malta orange 
fruit after rencoval from cold store 


Room 

tt'niporaturff kit 
which the fruit 
MH8 placed 

PiM’iod of storage 
after wtiich tlic fruit 
WHS removed from ‘ 
cold store' ; 

Storage 
tf'iiipt 'rat lire 
of i 

fruit 

Keej)iiig quality of fruit after 
1 ‘emoval from cold store 

1 


1 month i 

40°-43°F. 

36°-39°F. 

29“-32“F. 

1 

12 days 

12 days 

2 days in case of unfrozen 
fruit. Fruit bitter 

100'’-108°F. 

2 moTiths . . ; 

40'’-43‘'F. 

36‘’-39'’F. 

29°-32'’F. 

10 days 

7 days 

Fruit bitter in taste 

102°-UO“F. 

3 moiitlis 

40°-43°F. 

.36'’-39'’F. 

5 iloys 

5 days 


4 montlis . . ! 

3(j"-39‘’F. 

j 

1 3 — 4 days 

100°-l HFF. 

4 J months . . : 

3«'’-39'=F. 

! 2 — 3 days 


Discussion of the results 

In the present investigations t he best range of tenqierature for the storage 
of Malta and Sangtra oranges was found to be J6"'-3}U F. (air temperature of 
the cold chamber). As already mentioned under ‘ review of literature ’, the 
findings of various Workers as to the optimum temperatures for storage of 
oranges vary from 32°-50°F., dejiending upon various considerations. While 
variations above and below the recommended temperatures are bound to 
occur due to difl'erent kinds and varieties of citrus fruits, difference in soil, 
climate, cultural ojierations, age of trees, stage at which fruit is picked, care 
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in handling and storage conditions, etc* yet, 36^-39^F. temperature may be 
taken as quite safe for the storage of Malta and Sangtra oranges under the 
Punjab conditions. 

At the lower temperature range (29'^“32°F.) the fruit showed signs of skin 
collapse — a malady known as ‘ chill spot ’ injury of the fruit. The fruit 
thus affected lost its market value. In addition to this, the fruit at this tern- 
perature tasted bitter, probably due to the liberation of the bitter principleTn 
oranges the ‘ Limonin ’ jHigby, 1941]. 

At higher temperatures (4()'^*43®F.) the storage life of the fruit was con* 
siderably shortened due to the appearance of fungal diseases and shrivelling 
of the fruit. 

The size of the fruit is an important factor in determining the storage life 
of the fruit. The present investigations reveal that large sized fruit kept much 
longer and in better conditioji and lost less weight than small sized fruit. This 
is in conformity with the results obtained by otlier workers referred to under 
* review of literature \ 

Wrapping the fruit with butter-paper proved benelicial in reducing the 
loss in weight of fruit and also preserved the brilliancy and freshness of the 
fruit. No ‘ sulfocation ’ of the fruit resulting in deterioration of taste as 
mentioned by Williams [1938] was observed in wrapped fruit as the outer 
covering of the butter-paper was not so air-tight as to compcietely obstruct the 
exchange of gases. Another advantage of wrapping the fruit was that the 
fruit getting diseased remained isolated from healthy ones. Wrapping of the 
fruit has also been recommended by other research workers, referred to 
under * review of literature 

The storage life of different varieties of Malta orange was found to vary 
considerably. Malta Common kept well for four months, Valencia Late 4| 
months, Blood Red three months, Seville three months and Musambi 2| months 
under optimum conditions of storage {3tC-39^'F.). The study of literat ure on 
the subject reveals that storage life of even the same variety, varies under 
different conditions and thus no absolute limit can be laid down as to the 
actual storage life of the fruit. The present investigations, therefore, indicate 
the limits around which the storage life of a particular variety would oscillate 
as the extent of storage life is influenced by so many foctors, already 
mentioned. 

The storage life of the Punjab Sangtra orange was considerably shorter 
(4-7 weeks) than Malta orange which is probably due to the ‘ puffy’ nature of 
the fruit, which makes it liable to damage very easily in transit or in handling. 
The storage life of King orange has been reported to be 50 days at 45'^F. and of 
Nagpur orange 90 days at 4(PF. but these varieties are not cultivated in the 
Punjab and are far more tight skinned than the Punjab Sangtra orange. 

Physico-chemical analyses of the fruit showed that the loss in weight was 
both from peel and juice during the storage period. In the beginning of the 
storage life, peel lost weight to a greater extent than the juice, while at the end 
of the storage life reverse was the case. Tliis })robably is due to the fact that 
peel being more turgid in the beginning, readily lost its moisture before the 
juice could he affected. Small fruits lost more weight than large ones as has 
been observed by other workers, also, referred to under ' review of literature’. 
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Tliis is due to tlie fact that in sinall fruits, tlie surface exjwsed per unit of 
voliune is more than in large fruits. 

The acid and total soluble solid contents of the juice were not affected in 
proportion to the decline in taste and conse(|uently only acid and total soluble 
solid contents cannot be true index of (luality. The acid and total soluble 
solids showetl a decrease during the j)eriod of storage when calculated on 
original fresh weight and this is also observed by other workers cited under 
‘ review of literature 

Fruit removed from cold storage and placed at room temperature showed 
that the keeping (juality of the fruit at room temperature decreased with the 
advance in the period of storage. This is probably due, partly to the rise in 
temperature of the room during summer and partly to low resistance of the 
fruit to withstand high temperatures after prolonged storage at low tem- 
perature. 

Summary 

The investigations reported in the paper were carried out during 1938 
and 1939 at Lyallpur under the Research Scheme on the Cold Storage of Fruits 
in the Punjab, financed jointly by the Imperial (!ouncil of Agricultural Re- 
search and the Punjab Government. Results of investigations on Malta (Citrus 
sinensis) and Sangtra (C. nobilis) obtained during the above period may be 
summed up as under : — 

1. Five varieties of Malta, viz. Valencia Late, Common, Blood Red, Seville 
and Musambi and Sangtra from tw'O localities namely Lyallpur and Pathankot 
were stored at three storage temperatures, viz. 29°-32°P. 36°-39'’P. and 
40°-43°F. Large and small fruits of each variety w'ere iised. Half of the 
fruit was wrapped with butter-paper and the other half stored as such. 

2. Physico-chemical analyses were carried out at regular intervals. 

3. The best temperature range for the storage of citrus fruits (Malta and 
Sangtra) was found to be 36°-39“F. 

4. The storage life of Malta (C. sinensis) Auiried with varieties, (a) Valencia 
Late kept in good condition for 4| months, (b) Common for four months, (c) Blood 
Red for three months, (d) Seville for three months and (e) Musambi for 2f 
months. 

5. Loose skinned Sangtra from Lyallpur and Pathankot kept in good 
condition for five and four weeks respectively. 

6. Large fruit kept longer and in better condition than small fruit. 

7. Wrapped fruit presented better appearance in regard to its colour 
and freshness and had higher juice content and lower w'astage than unwTapped 
fruit. 
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(With six text-figures) 

C AJANUS is a monotypic genus, represented in India by the only species 
Cajanus cajan Millsp. {Cajanus indicus Spreng. — Hindi — arhar). The 
two sub-species are C. indicus flaws and C. indicus bicolour, the differentiation 
being based on the colour of the flower and the habit of the plant. This plant 
is extensively c\dtivated in the Gorakhpur district of tlie United Provinces. 
In December 1939 the senior author noted in one of the arhar fields a plant 
which was distinctly different from the others, and yet, it appeared to resemble 
Cajanus. At that time all branches except one were flowerless. The plant 
was allowed to seed, which was later on collected and brought to Cawnpore and 
sown in the Botanical Garden of the Agricultural College. For comparison a 
plot of normal type of arhar was also sown. 

All the plants of this new type, which were about 50 in number, repeated 
without exception the characters of the mother plant. The chief characters 
of the new type of arhar and that of the normal C. cajan Millsp. are summarized 
in Table I given below : — 

Table I 


Character 


.. 


•f ^ .1 / 

Leaflets 

Trifoliate 

Trifoliate 

Shape 

Lanceolate 

Obcordate 

Apex 

Acute to slightly acuminate . 

Rctuse and nnicronate 

Glandular hair 

Nimierous and prominent 

Comparativc'ly very few 

Flower petals 

Yellow 

Yellow ; lighter in colour 

Keel 

United at the top 

Quite fi‘ee in open flower, fill, 
form and usually appen- 
dag<'d 

Alie 

Lobes one sided and asyme- i 
trieal with a pronounced ! 
peg-like out -growth at tlie 
base ; veins more promi- 
nent. 

Lobes jirescnt on both thtt 
! sides and hence symmetrical 
in shape, with a less pro- 
nounced i)eg-likc out -growth 

1 . at the base ; veins compara- 
i tively inconspicuous 
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It is evident from tl>e comparative description that the new ty|>e differs 
from the normal type in having small and obcordate leaflets with rettise and 
mucronate apices, while the normal type has oblong lanceolate leaflets (Figs. 1 
and 2). On the basis of 100 observations made regarding the central leaflet, 
the following interesting data have been obtained and are shown in Table 
II and Fig. 3. 



Fio. 1. Showing Cajanm (New type) Flo. 2. Showing Cajans cajan (L.) 

Millsp. ( Cajanua indicua spreng.) 


Table II 


Name 

Variation in 
the length 
of central 
leaflets in mm. 

' 

Mean length 
of central 
leaflet in 
inrn. 

Variation in 
the width of 
central leaflets 
in mni. 

__ . 

Length 

Width 

< 7 . cajan 

89-110 

97 -2 

35-43 

2 -3.2 *8 

! 

C. obcordifolm 

63-76 

68-6 

31-40 



1-6-2 1 


The structure of the flowers is also very different ; the keel in the new type 
of arhar is free and represented by two filiform lobes usually appendaged while 
in the normal type the lobes are broad and united at the top (Figs. 4, 5 & 6). 
The alse or wings in the normal type are one-sided and asymmetrical having a 
very pronounced peg-like outgi'owth at the base, whereas, these in the new ty pe 
are symmetrical having lobes on both the sides with a less pronounced peg-like 
out-growth. 




Frequency 
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Fia, 3* Showing frequency distribution of central leaflet lerigth in normal 

and new type 



Keel petals united 


Keel petals new type 


5^and 6. Showing the structure of flowers oi Cajanus (New type) and 
Gajanus cajan (L.) Millsp. (Cajanus indtcus Spreng.) 



782 


INDIAN JOURNAL OF AGRK^UDTURAL SCIENCE 


[XII 

According to analytical key given by Bailey [1924] tbo plant should be- 
long to tlic geniiB Cajmrus, The description of Oajanus indicm Spreng., given 
by Hooker [1875] states that the leaflets are obk)ng — lanceolate ; Bailey states 
that they lanceolate to narrow — ellejdical. Hooker’s classification is 
silent al)oiit tlie keel, while Bailey describes it as ‘ obtuse and incurved The 
keel is a very distinctive clmracter of Leguminosje— Papilionaceae. Had any 
deviation from tlie nonnal keel been noted in Cajanm cajan it would have been 
emphasized. But so far no reference in tlie literature on the subject is made 
to this fact. 

During the course of above investigation, a study of the chromosome 
number of this new type was also made. Aceto-carmene smears of pollen 
mother cells were prepared for determining the gametic chromosome number. 
Buds of about 3 mm. in length were found to be the best for the study of the 
meiotic chromosomes in the pollen mother cells at the first metapha.se. The 
haploid number of chromosomes was found to be eleven. 

The study of the somatic chromosomes from the root>tips of the germinat- 
ing seeds was also made. The root tips were fixed in Flemming’s chrom- 
osmium-acetic combination (weaker solution) and after the usual processes of 
embedding and cutting, the sections were stained by Newton’s Gention 
Violet Iodine method and mounted in Canada balsam. The number of 
somatic chromosomes was found to be 2n=22. 

This new type of Cajanus may be the result of gene-mutation. Further 
investigations on other features of genetical and cytological interest are in 
progress. In the meanwhile owing to certain marked diff’erences in vegetative 
and floral characters in this new type of Cajanus, it may be considered as a new 
species and is tentatively named as Cajanus obcordifolia Singh after its more 
distinguishing character, viz. the obcordate shape of the leaflet. 

Botanical description of Cajanus obcordifolia Singh, in English 


Plant ; 

. Erect and shrubby 

Root : 

. Tap ; fibrous and branclied 

Stem : 

. Erect ; woody ; cylindrical and ribbed with many slender, 
srilcato and grey silky branches 

Stipule : 

, Minute ; lanceolate ; fugacious 

Leaf ; 

. Alternate ; compound ; imparipinnate ; with channeled long 
petiole ; trifoliate 

Leaflet : 

• Stalked, minutely stipellate, reticulate, obcordate with retuse 
and mucronato ape^x ; margin entire ; glabrous ; deep gi’een 
above and whitish and pubescent below 

I nfloreecence : 

. Indefinite ; corymbose raceme ; often forming a terminal pani- 
cle 

Flower : 

. Irregular ; hermaplirodite ; pedicellate ; pedicels profusely 
hairy and two to three times the calyx. The floral bud has 
a crumpled tip and not un often there is an opening at the 
extreme tip 

Oaly x ; , 

• Gamosepalous ; oampanulate ; persistent ; glandular ; [mbes- 
cent ; teeth short- f inferior 
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Corolla : 
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. Irrogulor ; polypetalona ; papilionatJCOiiB ; moro thaiil wico as 
long aa tho calyx; pcrigynoiiB ; BtaiKlard yellow; aim or 
wings with lobes ou both the sides and iiioi e or less syinine- 
trical in shape ; peg-likt^ outgrowth (auricle) at the ])a8e less 
pronounced ; clawed ; veins ineoiispicuous. Ketd petals 
light in colour ; Quit(* frc'c in open fiowa'r ; filiform and nsually 
appendaged 

Androecium : . . Ten in two bundles (9) h 1 (diadelphtms) ; Jiot enclosed in keel 

in open flower ; anthers uniform. These dehisce in the hud 
oven before the flower has reachc'd its maximum siz(\ 
This early dehiscence in this type' may be duo to the small 
opening at the tip resulting in gr(Nit(‘r loss of moistiir<* from 
the anther walls 

Gynoeeiuin : . . Monocarpellary ; subsessile ; few ovuled ; superior ; with a 

long filiform and upeurved style ; stigma capil ate ; ovary 
wall pubescent ; pod with cons]iieuouB black splashes (mark- 
ings) ; beaked and constrieted between thc> seeds ; hairy; 
seed exalbuminous ; compressed ; smooth and of Jiglit 
colour 

Botanical description of Cajanus Singh, in Latin 

Cajamis obcordifoUa Singh. 8p. nov. 

Fnitex ereetus. Radix principalis fibrosa et ramosa. Tninciis erectiis 
ligneus, cylindricus et niultis tenuilnis, suleatis et cinereo-serieeis rainis costatus 
Stipuli niinuti, lanceolati, decidiii. Folia alterna, composita, imj>Mripinnata 
longo sulcato petiolo praedita, trifoliata. Foliola petiolata, ininute stipolhita 
obeordate, apice retuso et rnucronato ; margine Integra ; superiore faede glabra 
et valde viridi, iriferiore vero albescente et pubescente. Inflorescentia inde- 
finita, corymbose racemosa ; sai'pe terminaliter paniculata. Flores irregu]a,i es, 
han’uniphroditi, pediculati ; pediculi profuse pilosi, et bis vel ter calyce longioi'es. 
Floris gemma est corrugata apice et non raro in extremo apice foramine prse- 
dita. Calyx gamosepalus, campanulatus, persistens, glandulis praeditiis 
pubescens, inferior ; calycis dentes breves. Corolla irregularis, polypetala, 
papilionacea, plus bis longior calyce, perigyna ; vexillum flavum ; alse lobatae 
in utroque latere et plus minus symmetricae forma ; auricula clavo similis in 
basi minus conspicua ; petala ad basim tenuescentia ; venae inscoiispicuae. 
Carina? petala colore claro, omnino libera in aperto flore, filiformia et ssepe 
ssepius appendiculata. Androecium ; stamina diadelpha (9 + 1) ; non inclusa 
in Carina in aperto flore ; antherse uniformes, dehiscentes in gemma etiam 
antequam flos maximam magnitudinem attigerit. Prseniatura? Imiiis dehis- 
centia? causa forte sit parvum illud foramen in apice gemma?, quod efficit ut 
antherse parietes majorem humiditatis quantitatem arnittant. Gyncjecium 
monocarpum, sudsessile, superius, paucis ovulis et stylo longo filiformi et 
sursum curvato prseditum ; legumen conspicuis nigris maciilis omatum, ros- 
tratum et constrictum inter semina ; pilosum. Semen exalbuminatum, com- 
pressum, planum vel laeve et colore clarum. 
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research note 

CHROMATIN BRIDGES IN COTTON* 

JBY 

N, K. IYENGAR 
Agricultural Research Station, Surat 
(Reoeived for publication on 7 January 1942) 

(With four text'figures) 

C HROMATIN bridges were noticed at anaphase I, nietaphase II and ana- 
phase II of meiosis (Figs. 1-4) in Fj triploid liybrkis between Asiatic and 
American cottons shown in the table on the next page. 



Fig. 1. A bridge and a fragment at 
anaphase I ( x 2375) 




Fig. 2. A bridge at metaphawe 
11 ( X 2750) 



Fig. 3, Thrt>e bridges at metajihasc Kig. 4. A bridge and at 

TI ( X 2375) (all chromosomes anaphase 11 : 27aO) 

not shown) 

*ThiB research is being finanesHi from the funds of the Indian C'enf ral Cot ton C’oin- 
mitteo 
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Parents 

Hybrid No. 

American 

Asiatic 

i 

S29.1 . 

S 31-3 . 

S 38-1 . 

G, barbadenae L 
(Sea Island) 

> » 

0. herbaceum var. 
(Surat 1027 A L F)- 

»» 

>» 

friUescense 

--Delile 

S 37-1 . 

G. hirsut'um L 
(Coimbatore 2) 

>> 



These bridges are clearly seen in acetocarmine smears of the flower buds 
at metai)hase II (Figs. 2 and 3). The number of such bridges at this stage 
varied from one to four per nucleus, indicating that structural changes have 
taken place in more than one bivalent. The bridges are very similar to those 
figured by Miduno [1940] in the orchids and Srinath [1940] in the genus 
Calceolaria, 

The formation of bridges at anai)ha8e have been reported by Beasley 
[1940] in the Fl hybrid between G, tJmrberi Tod. x O. arboreum var. nexjleckmi 
H. & G., and by Ramiah and Gadkari [1941] in a sterile mutant of a strain of 
Asiatic cotton ((?. arboreum var. neglectu'ni forma bu^nmiica H. & G.). 
Beasley [1940] has also pointed out that such bridge formations give evidence 
of structural differences between the chromosomes of the species involved 
in his cross. That definite structural changes, like inversions and trans- 
locations could have taken place in cotton has been pointed out by Ja(Job 
[ 1941], where lie shows one of the two chromosomes with a lateral satellite in 
the root-tip of G, herbaceum and 0, arboreum and a ring chromosome in the 
root-tip of G. herbaceum var. africanum H. & G., at the metajfliase stage. 
Further evidences that definite structural differences do exist between the 
chromosomes of certain species of cotton are pointed out in this note. 

The formation of bridges may be due to several causes as inversions, 
translocations and duplications [Richardson, 1936]. A critical analysis of 
both metaphase and anaphase at division I is necessary to enable us to say 
w hat conditions have given rise to observed results and which of the structural 
changes that are possible have taken place. In the hybrids that are examined 
in the present study no abnormal configurations at metaphase I, as unequal 
bivalents etc. could be clearly made out. The bridges that are seen at meta- 
phase II are long and thin and their persistance at this stage shows that the 
bridges formed at anaj^hase I are not broken. The fragments that arise when 
such bridges are formed are difficult to make out in all the cases. The formation 
of a bridge at anaphase II, in one of the sister cells (Fig. 4), undoubtedly in- 
dicates that a loop chromatid must have l>een formed at anaphase I, as a result 
of an inversion pairing and tw^o cross-overs having taken place, one in the 
inversion region and one in the region jjroximal to it , in which only one chro- 
matid is involved in both the cross-overs. A monocentric loop and a fragment 
would be formed at anaphase I. The loop chromatid forms a bridge at ana- 
phase II, the centromere having divided. 
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The above points indicate that in the triploids under study, we not only 
deal with mere numerical changes but structural changes as well. Both 
of these factors may contribute to the sterility of the hybrids. All the same 
the structural changes lead to the formation of new chromosomes which may 
prove to be of evolutionary significance. 

A fuUer discussion of the above ])oints will be published in due course. 
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PLANT QUARANTINE NOTIFICATIONS 

Notice No. 2 of 1942 


India 

T he following plant quarantine regulations and import restrictions have) 
been received in the Imperial Council of Agricultural Research. Those 
interested are advivsed to apply to the Secretary, Ifnperial Council of Agricul- 
tural Research, New Delhi, for loan. 

1. U. S. Department of Agriculture, B. E. & P. Q. 

1 . Summaries of plant quarardine import restrictions, 

(i) Republic of Cuba — Revision of regulations. 

(Hi) Republic of Uruguay — Standards established for Certain seeds. 
(Hi) Br. Colony of Malta — Area quarantined on account of Colorado 
Potato Beetle increased. 

2. Service and Regulatory Announcements. 

List — October — December 1941. 

II. Other Announcements. 

Jamaica — Br. W. 1 . : Citrus fruits in ports. 


Notificaiion No. 69 jC. No. 429’Cw. Iljily dated 20 December 1941 of the Govern- 
merit of India in the Department of Finmice (Central Revenues) 

I N exercise of the j^owers conferred by section 19 of the Sea Custom 
Act, 1878 (VIII of 1878), the Central Government is pleased to prohibit 
with effect from 1 April 1042, tlie bringing into British India of bees or silk- 
worms save where they are accompanied by — 

(a) a special permit in ac^cordance with the form set forth in the Schedule 
liereto annexed authorizing such importation issued by the Central Govern- 
ment or by an officer authorized by the Central Government in this behalf ; 
and 

(b) a certificate of freedom from disease granted by an Entomologist 
of the Government of the country of origin. 

Schedule 

Form of special p)ejrmit authorizing importation of bees or silk- worms 
1. Name, designation and full addiess of the importer 

2. Name of the s])ecies of bees or silk-worms to be imported 

3. Stage or stages of the bees or silk-worms to be imported . . 

4. Country from wliich importation is sought 
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6. Whether importation ie intended by sea, land or air 


6. Name, designation and address of the exporter 


7. Quantity indented for 

8. Purpose of importation 

The above information is true to the best of my belief 

Date 


(iSignature of the importer) 

I authorize the importation. This })ermit willl l^e valid up to 
Date 


(Signature and designation of tlie certifying authority) 

[N. B. It is oxpectc'd that tin* pf^rnit will bo obtained in ol s<*n(iijig the 

order ao that the iinpoi tod inat<*jial may not remain inclelirnt* ly in th(‘ wareliouse for 
want of suitable permit.] 


Notification No, F, 15-21I4FA., dated 12 May 1911 of the Gore/niment of 
India in the Department of Education, Health and Lands 

In exercise of the powers (ionferred by sections 4 A and 4D of the Destructive 
“Insects and Pests Act, 1914 (II of 1914), iho Central Covernnient is 
pleased to direct that the following further amendmemts sliall be made in the 
notification of the Government of India in the l)e]>artment of Education, 
Health and Lands, No.F. 50-13 (20) /39-A, dated 20 November 1940, and the 
rules published therewith, namely : — 

I. In the preamble to the said notification, and in rule 1 of’ the said 

rules, after the word ‘ Punjab the words ‘ the United Provin- 
ces ' shall be inserted. 

II. In the Note below the Schedule annexed to the said rules, elause- 

(b) and (c) shall be re-lettered as clauses (c) and (rf) res])ectively 
and before clause (r) as so relettcred, tho follow ing clause shall 
be inserted, naiiiely : — 

‘ (b) in the United Provinces, by the Entomologist- to the Govern- 
ment of tlie United Provinces, or such otlicr ollicer as may be 
authorised by the Provincial (fovernnK^nt in tliis behalf \ 


Foreign 

Notice No. 1 of 1942 regarding plant qvaranime regntalions and invporl restric- 
tions received in the imperial (loimcil of Agncidtural llcsearch 

^HE following plant quarantine regulations and import restrictions have 
* been received in the Im|)erial Council of Agii cultural Peseareh. Those 
interested are advi.sed to apply to the Secretary. Imperial Council of Agri- 
cultural Research, New Delhi, for loan. 
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List of United States Dei’abtment of Agriculture, Bureau op Entomo 
LOGY AND Plant Quarantine, Import Restrictions, Sbeviob 
Regulatory and Other Announcements 

1 . Summaries of plant quarantine import restrictions . — 

(i) Republic of Mexico.— Substitution of quarantines regarding coifee 

& banana ' 

(ii) Republic of Uruguay.— Restriction on the importation of seed po- 

tatoes 

(iii) Union of South Africa. — Revision of regulations concerning 

tomato seed 

(iv) British Colony of Bermuda. — Amendment of banana prohibition 

(v) Colony of British Guiana. — Restrictions of coffee and paddy rice 

& prohibition of citrus 

2. Service and Regulatory Announcements . — 

(i) List — April — June 1941 

(ii) Index — 1940 

3. Other announcements . — 

Canadian Order. — in council enabling the Inspectors to withhold certi- 
ficates of inspection. 


Exports of potato to Matiritius 

It is notified for general information that exports of potato to Mauritius 
■must be accompanied by a certificate stating that the potatoes have been 
grown in a locality free from Potato Wart [Synchytrium edoioeloticum) and 
Colorado Beetle {Leptinotarsa decemtblineata). 



NOTE 


I N the article entitled ‘ Studies on the Formation of Jellies from some 
Indian Fruits ’ by Birendra Narain Singh and Sikhibhushan Dutt pub- 
lished in the Indian Journal of Agricultural Science, Vol. XI, Part VI, Dec- 
ember 1941, pp. 1006-21, the authors claim to have discovered the jelley- 
forming qualities of wood apple in the following words;— ‘It has, however, 
been found by the present investigators to be an excellent jelley-forming 
material, being very rich both in acid and pectin.’ It has now been brought 
to our notice that the making of an effective wood apple jelly was first studied 
by Mr S. S. Bhat, Horticulturist to Government, Baroda, at the Bavoda 
Fruit Preservation Laboratory and the re.sult.s published in Rural India, Vol. 3, 
No. 3, March 1940 (Editor). 
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ORIGINAL ARTICLES 

THE NATURE AND EXTENT OF DAMAGE CAUSED BY 
BE MI SI A G088YPIPEBDA M. AND L., THE WHITE -FLY 
OF COTTON IN THE PUNJAB 

BY 

M. AFZAL HU8A1N, M.A. (Cantab.) 

Entomologist to Oovernnunt, Punjab 

AND 

K. N. TREHAN, M.Sc., PilD. (Lond.) 

Assislayit Cotton Entomologist, EntomologicaJ Laboratory, Agricultural Besearch 

Institute, Lyallpur 

(Received for publication on 17 July 1939) 

(With Rlate XXXI and two text-figures) 

Inteodijctory 

r E economic imf)ortance of some of tlie si)ccies of Alcurodidae has now 
been definitely recognized a nd a number of them are known as serious pests 
of flower plants, fruit trees and cultivated cro|>s. In India some of the white- 
flies which are responsible for causing considerable economic loss to growers, 
are Dialenrode^ citri and Dialmrodes dongala on citrus ; Aleurolobus baro- 
densis on sugarcane ; Aleyrodes ricini on castor and Bemisia gossypiperda 
on cotton. The damage liy the white-flies in the respective cases is quite 
similar, since unlike most other sucking insects the mechanical injury is not 
appreciable and yet the after-effects of the attack are very serious. 

So far, no precise infonnation, however, is available with respect to the 
real nature of injury caused to the infested jilants. According to Berger 
[1910] and Morril and Back [1911], A leurodidae have never been accused of 
killing the plant tissues. This is evident even in the case of the citrus plants 
which are slow growing and wliere the white-fly infestation is carried 
over from year to year on the leaves of the same plant. Xotwitlistanding 
the heavy infestation in certain ca.ses, the leaves attain almost normal 
size and sha])e but the fruit, on the other hand, is comparatively less developed 
and considerably reduced in number. 

As a pest in greenhouses, Lloyd [1922] regaided the white-flies as res- 
ponsible for lowering fniit formation as well as for desajiping the vitality of 
the leaves and some times causing them to droj). Tliis contention has re- 
ceived support from Hasement and Jones [1934], but the exact condition and 
age of the plants when the leaves were shed have not been described. 

Virus diseases of a number of field crops have been assodated with the 
white-flies. Golding [1930], Kirkpatrick [1930-31] and Massey and Andrews 
[1932]' hold white-flies responsible for leaf crinkle of cotton in the Sudan^ 
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Hopkins [1932] and Mossop [1932] regard a species of Aleurodidae as a earner 
of the leaf-curl disease in tobacco at Rhodesia. Mathur [1933] regards J5. 
gossypiperda as a vector of leaf-curl in zinnia at Dehra Dun, while Pruthi and 
Samuel [1937 ; 1939] consider the same species responsible for the transmission 
of leaf-curl virus in tobacco at Pusa (north Bihar). 

As a pest of cotton, it has been discussed previously by Husain [1930] 
and Husain and Trehan [1933] that the w'hite-fly is not capable of producing 
any structural malformation of foliage or any other part of the plant. At 
any rate, it is quite obvious that thousands of white-fly Tiymphs which are 
generally present on an infested plant, must de})rive the host of its nourish- 
ment by constantly sucking the vital jui(;es. Besides, these nymj)hs secrete 
copious quantities of honey-dew which falls on the leaves below and ])rovides 
a suitable medium for the growth of a black mould. Thus the internal 
metabolic activities of the plant are also disturbed due to interference with 
its photosynthesis. 

In the absence of any visible structural injury to the |)lant, even in cases 
of severe infestation, and under the conditions stated above, it was considered 
necessary to investigate in what manner these insects damage their liosts 
and bring about the resultant effects. Since it is universally recognized 
that fruiting in cotton plants is affected considerably by tlie relative dis- 
turbance in the products which are manufactured in the foliage, it was sug- 
gestive that the nature of injury might be determined by investigating the 
rfil© of this pest in affecting the prochiction of certain plant constituents. 
Moreover, the extent of damage as a result of the white-fly attack also 
required estimation. 

Attempts have, therefore, been made to investigate the following as])ects 
of the problem : 

1. Injury caused to foliage or entire plant 

2. The effect of attack on the total dry-weight of the parts of a ])1aj]f 

produced above soil 

3. The effect and after-effects of attack on : 

(i) Growth of plant 
(ii) Flower and boll formation 
{Hi) Lint and seed development 

The present investigations were carried out at Lyallj)ur from 1931 to 1930 
under a scheme financed by the Indian Central Cotton Committee, Bombay. 
The generosity of the Committee is gratefully acknowledged. 

The statistical analysis of the data was carried out by Mr Dwarka Nath 
Nanda, Statistical Assistant, Cotton Research Lal)oratory. Lyallpur. His 
help is gratefully acknowledged. 

TECHNigUB 

All the experiments during these investigations were carried out in big 
wire-gauze cages. Healthy seeds from a single plant were sown in blocks 
under exactly similar cultural treatments. The plants were enclosed in cages 
soon after the first irrigation and ultimately each cage had four to ten plants 
for general observations. Dry -weight experiments were performed in 
relatively bigger cages and, therefore, sowing was done inside them. Bach 
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cage had about 55 plantf^ l)vit tliose under observation varied in number in 
different years. 

In some of these cages the ])lants were kei)t almost free from wliite-fly 
attack, in othei*s a moderate attax'k a|)|)roximate]y of the same intensity as 
found in nature every year was maintained, while in still others a very severe 
infestation was kept at different periods of growth of the plants. 

To produce infestation in the cages, large number of adult wirite-flies 
were introduced and allow^ed to multiply. To tree the ]>lants from infest- 
ation, however, removal of adults and spraying with rosin compound was 
resorted to. 

PuESEJ^T OBSEKVATTONS 

1. Injury caused to foliage or entire plant 

The most obvious results of white fly attack, as already stated, ar(- 
(1) desapping of j)lants and (2) dropping of honey-dew on the leaves on which 
black mould develo])s whicli consequently interferes with their ])hotosynthetic 
activities. 

It, therefore, seemed ])ossible that some injury in the form of internal 
])hysiological disturbance may be responsible for the low yield of the infested 
plants. Nitrogen-carbohydrate relationshi]) may be an index of such dis- 
turbance. This was. therefore, studied. 

Nitrogen was estimated by Kjeldahrs method and carbohydrates by 
ilie ‘ difference method ’ after estimating ash, fat and crude fibre. The carbo- 
Ijydrate estimation by the ‘ differemx' method ’ is not (‘onsidered accurate for 
the determination of the role of various sugars or of starch in boll formation. 
How^ever, it was (‘onsidered that comparative values of the total carbo- 
hydrates under almost identical conditions, other than the w hite-fly attack, 
may be of some interest. Fat wvas estimated by petrol extract in the Soxhlet 
apparatus and the crude fibre from the fat-free samples. 

Prior to each obsei'vation, the leaves of the healthy and infested plants 
selected for analysis, w^ere ('arefully washed with a moist pad of clotli Avith 
a view' to remove, as far as possible, the black mould and the immature 
stages of white-flies, if present. About 24 hours after this treatment, the 
leaves and other parts of the respective plants w^ere removed se])arately, 
weighed, dried and powdered. The representative samples from individual 
lots w’ere then taken for analysis. 

During 1931, these observations w^ere limited to the selected samples of 
leaves from infested and uninfested })lants. During 1932^, however, such 
observations were made after removing tlu^ entire leaves from such plants. 
During 1933 and again in 1935, tliese com|)arative observations were further 
extended to stems, flow^ers and bolls as well. 

The data reco!*ded in Tables I and III indicate that, as was to be 
expected, the ))ercentage of moisture was relatively higher in the leaves of 
the least-infested plants than in those of the lieavily infested ones. Dry 
matter, on the other hand, was relatively greater in the infested than in un- 
infested plants. These results are in perfect agreement with those of Johnson 
[1934] who found similar condition in the case of ])otato plants attacked by 
the leaf-ho])per, Empoasca fabae, 
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Further examination of the data collected during 1931 gave the following 
results : 

The average amount of nitrogen in 100 gni. of fresh leaves of the un- 
infested and infested plants was 0*61 gm. and 0-46 gm. respectively. Thus, 
nitrogen was relatively higher in the uninfested plants by about 33 ])er cent. 

The amount of mineral ash was about 30 ])er cent higher in the leaves of 
the infested plants. Similarly the amount of fat and carbohydrates was higher 
in the infested leaves. The C/N ratio, therefore, was lower in the uninlested 
leaves, the differences being statistically significant. 

Statistical analysis of the data in 1931 showed significant differences in 
the percentage of moisture, fat, carbohydrates and the C/N ratio in the leaves 
of the uninfested and infested plants. 

During 1933 more elaborate observations were made and were con- 
tinued till late in the season. Total production of various constituents was 
calculated on the basis of the entire fresh weight of the plants and tlie relative 
transport from the vegetative to reproductive organs determined (Table 11). 
On examination of the entire data (Table III) it v as confirmed that nitrogen 
was relatively higher by 11*7 per cent in the foliage of the uninfested plants 
till the end of August. From September onAvard, the order gradually rever^sed 
in the foliage indicating highly significant differences but resulted, on the 
other hand, in the relative increase of nitrogen in the bolls of t he uninfested 
plants. Thus a maximum increase of 58*3 per cent of nitrogen over the l)olls 
of the infested plants was noticed in the month of November. Moreover, 
the total nitrogen produced per plant, on an average, was 2*80 gm. in the 
uninfested plants against 2 •07 gm. in the infested ones. Tliis showed an 
increase of So -2 per cent in favour of the uninfested ]dants. Moreover, of 
tlie total nitrogen ] 3 rodueed during the flowering and fruiting period, about 
23 per cent was estimated to have been transported from tlie vegetative to 
the reproductive organs in the healthy plants against 4*() )>er cent only in 
the infested plants (Table II). This is an im[)ortant fact and probably such 
metabolic activities in the plant tissue result in producing fewer flowers and 
bolls on the infested plants. 

Mineral ash. Till the end of September the ash constituents were re- 
latively higlier in the foliage of the infested plants and the differences were 
statistically significant. From October, however, the case was reversed but 
from November, the amount of ash increased considerably in the bolls of the 
uninfested plants and went to a maximum increase of 146 per cent over 
that in the bolls of the infested plants. Total mineral ash ])roduced per 
plant, on an average, was 17-99 gm. in the uninfested and 13*17 gm. in the 
infested plants. Thus, about 36 per cent more ash was produced by the 
healthy plants. Moreover, from the middle oi‘ October to December, 11*3 
per cent of the ash was transported to the bolls in the healthy plants against 
only 2*4 per cent in the infested ones (Table II). 

Fat, The percentage of fat was comparatively higher in the foliage of 
healthy plants (practically free from white-fly attack) througliout the season 
and, when compared to the severely infested ones, the differences were highly 
significant. During November and December, however, the fat increased 
considerably in the bolls of the uninfested' plants reacliing to a maximum of 
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511 per cent over that in the bolls of the infested plants. Total amount of 
fat produced per plant, during the season, varied from 5*44 gm. in the un- 
infested plants to 3*03 gm. in the infested ones. The (a)rresponding transport 
of fat from the vegetative to reproductive organs, during November and 
December, was 41 -4 per (;ent and (b4 |)er cent re8])ectively (Table 11). 

Crude fibre. Average amount of fibre produced in 100 gm. of fresh 
leaves of both the uninfested and infested plants was almost equal during 
the season. During November, however, it increased considerably in the 
bolls of the uninfested ])lants with a maximum of 292-7 ])er cent higher than 
that in the bolls of the infested plants. 

Carhohydrates. The percentage ol (-arbohydrates was higlier in the 
foliage of the infested plants than i)r the uninfested ones throughout the 
season and the differences were highly significant. On tlic other hand, the 
carbohydrates inci'oased considerably in the bolls of the uninfested [rlants 
and the difference reached to a maximum of 452-8 j)er cent during December 
(Table Til). It is ])robable that more of non-metabolic carlxdiydrates are 
produced in the infested |)lants and, tlierefore, are ke})t stocked in the foliage 
and do iiof migrate to the bolls. On tlie (amtrary, it is likely that more of 
metal)oli(‘ carbohydrates and relatively less of non-metabolic carbohydrates 
are produced in tlie uninfested plants. Thus they are (capable of taking part 
in the formation of bolls when migration takes place from the leaves. 

Statistical analysis of the data is ])resented in Table IV, which shows 
that the differences in the percentage of moisture, 1‘at and car))ohydrates in 
the leaves were highly significant. Nitrogen and ash, liowever. showed 
interesting results sin(?e the differences in nitrogen in the foliage were signi- 
ficant from Se|)teml)er onward and those of ash only u|) to the end of Sei)tem- 
ber. On the otlier hand, the data of the entire season compared colkudively 
did not shov' significant differences. This is quite obvious from the trend 
of the figures in Table 111, bec^ause in both the cases the migration of the 
(jonstituents changes the balance in the foliage. 

Similar experiments as above were also started in 1935, but the ])lants 
under cages werc^ severely damaged by a violent dust and hail storm. ( V)nse- 
quently the white-fly infestation as well as the })hints under observation did 
not progress well. 

Total nittogen produced per i)lan1, during the seasoji. was 1-20 gm. in 
the uninfested })]ant8 and 0-95 gm. in the infested ones. At the same time, 
the percentage of nitrogen transported from the vegetative to nq)roductive 
organs was about 20 i)er cent and 12 per cent respectively. 

It is quite evident from the above ()l)servations that the most serious 
effect of a Iieavy white-fly infestation is the reduction in the amount of total 
nitrogen in a plant and consequently its low trans])ort to tlic reproductive 
organs. This ])overty in (uoteins is picsumably brought about by these 
sucking insects. 

Discussion. According to Kraus and Kray bill [19 IS] plants well supplied 
with nitrogen and low' in carbohydrates are generally higldy vegetative. On 
the contrary, low nitrogen with relatively high carbohydrates, wdiich means a 
higher CjlSi ratio, reduces the vegetative grow th witliout a corresponding 
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Table IV 


StatisticMl analysis of tJie. data in Table III 
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0-123 ' 
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1 4-124* 


(Jarlioiiydrati^s . j 

+ 1 -027 

0 -229 

4 ‘465* 
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* Highly .significant 

increase in fruiting. If iiitrcigcn snf)|)ly is toc) lo\\ in the tissues, fruit bud^ 
will not develoj) or, if develojted, will shed. 

Carbohydrate-nitrogen ratio varies will) ditt'erent plants. According to 
Woo [IMIOJ, quite the reverse results may be obtained with identical ratios 
in plants of different natures. (Airbohydrates and nitrogen cunnpounds 
fiiud-uate throughout the growing [jeriod. The tluetuation of the carbo- 
hydrates, however, is in tlie reverse order of the nitrogen compounds. Hooker 
[1922] suggests t hat a lowering of C/N ratio enhances the vegetative growdh 
whereas a high ratio indu(*es fruit formation. Dastur and Rant [1935] 
have suggested that C/N ratios are probalily tlic effect rather than the cause 
of differential vegetative and reproductive growth. 

Our investigations have sliown tliat in the beginning of tlie season the 
amount of nitrogen is relatively higlier in the leaves of the uninfested plants 
than in those infested with white-flies. Jolinson [1934] also arrived at 
a similar (Hinclusion with regard to the injury caused by leaf-hop j)er {Enipoasca 
fabae) to the foliage of Solanmn tiiherosum. From September onwards tlie 
conditions are reversed whiidi yield statistically significant differeiK^es. This 
reversion is brought about probably been use a much higher ])ercentage of 
nitrogen along with mineral ash and fat is transjioited from the vegetative 
to the reproductive organs in the liealtliy plants to hel]) in boll formation. 
Migration of various constituents has already been established by other 
workers. There are two factors coiu*erned in the reproductive phase of a 
plant : (i) formation or non-formation of bolls and {ii) their develo])ment or 
shedding. Mason and Maskell [1931] state that fertilization markedly in- 
creases the rate of uptake of phosjihorus and total ash as well as of carbo- 
hydrates and nitrogen by the ovule. They further point out that removal of 
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growing bolls is followed by marked increase in tlie concentration of total 
ash, nitrogen and carbohydrates in the leaves and stem tissues. Such a condi- 
tion has been noticed as a result of white-fly attack where the bolls are too 
few and, therefore, some of the (X)nstituents actually iiicreaBe in the vegeta- 
tive regions. Similar view is also expressed by Mason and Phillis [1934]. 
Thus leaf is the main distributing centre of sugars and of mineral food 
materials and gradually the bolls drain the vegetative ])lant of its food mate- 
rials ; if the leaves fall off the flowers and bolls are starved and finally shed. 
Kunclrin [1929] also maintains that develoj)ment of flowers requires an in- 
creased supply of nitrogen and ash and results in a migration of these consti- 
tuents from the vegetative to generative organs. Gregory [1934] refers to 
migration of nitrogen and concludes that after reaching a maximum it begins 
to fall in the leaves and a rapid transference takes ])lace from leaves to bolls. 

Thus we conclude : 

(i) since the healthy ])lants on the whole produce more of total nitro- 

gen than the infested ones, under exactly similar agricultural 
treatments this difference may be attributed to insect attack as a 
result of which t he sap of the plant is drained off ; 

(ii) that the percentage of nitrogen and mineral ash transported from 

the vegetative to the reproductive organs is much higlier in 
the uninfested iflauts. evidently because a healthy plant being 
rich in these materials is in a position to maintain a regular 
and abundant supply of nutrition for tlie reproductive organs. 
The attacked plant, on the othevr hand, having a meagre stock 
lias to kec]) the reproductive organs in an almost starved condi- 
tion ; 

(Hi) that the adverse effects on the infested jilants as seen in non- 
formation or dropping of floral buds, etc., may he tlie result of 
some dislo(.*ation in the carbohydrate-|)rotein lialance, which is 
affected by the insect attack. 

These factors interacting may upvset the normal vege-tiitive and reproduc- 
tive functioning of a iilant. Further, they reduce the floral bud formation 
as Avell as increase shedding of flowers and bolls and thus result in low yield 
and ]>oor development of lint and seeil. 

2. Effect of attack on total dry rveight of the j)arts of a plant above soil 

To make an accurate estimate of the relative outfiut and ditfcrence between 
uninlested and infested plants, experiments were designed during 1932, 1934 
and 1935 to determine the total dry matter |)roduced by plants under 
varied intensities of white-fly attack. Cotton was grovni in a big cage di vided 
into three compartments, each 10*5 x 16-5 x 8 ft. In one of these compart- 
ments, ])lants were lieavily infested artificially, in another a moderate attack 
was maintained while in the third the plants were kept under low infestation 
w’hich meant that they were almost free from attack. 

During 1932 and 1934 two sets of 10 plants each were under observ- 
ation in each of these cages. The relative position of these sets of plants was 
similar in all the cases. A cloth catch-net was fixed under each set to collect 
the material shed by these plants. The material from each set was then 
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dried and weighed se])arately. At ilie end of tlie neason, however, the weight 
of the Htems, (*apsnle8, unshed leaves and the kaj)as (seed cotton) picked 
from the respective sets was similarly determined. 

The white -hy infestati()n in these cages was relatively higlier in 1932 than 
that in the other years. It is obvious from tlie data in Table V that, on an 
average, the total dry matter j)roduced per i)lant varied with the intensity 
of attack, being the highest under least infestation and lowa^st under severe 
attack. During 1932, the uninlested ])lants produced, on an average, 352-6 
gm. of dry matter per plant against nn-S gm. produced by the infested 
plants. In 1934 the uninfested plants ])roduced, on an average, 407*6 gm. 
of dry weight per plant against 315 - I gm. by the infested plants. The avei'age 
for both the years in(U(;ates that the total dry matter ])rodueed by the iin- 
infested and infested plants was 380-09 gm. and 253-47 gm. respectively. 
Thus, on an average, 49-9 per cent more of dry matter was produced by the 
uninfested plants. 

An almost eorresj)()nding effe(‘t was noticed in sliedding of Icavos, floi’al 
buds and flowers in these plants. Relative shedding w as 54*6 per cent in the 
uninfested and 55-9 per cent in the infested ])lants during 1932 and 42-0 
per cent and 49-4 |)ei’ cent respec tively in 1934. 

Theefl'eet of w hite-fly attack on the final yield w as still more jnonoiimed . 
During 1932, tlie average yield i)\ ka pas ])er plant varied from 58-1 gm. in 
the uninfested to 20-3 gm. in the infested ])lants. the difference being signi- 
tieant. In 1934, however, the corresponding yields were 98*9 gm. and 68-1 
gm. respectively (Table VI) and the diflerenee w'as still signifleant. 

During 1935. the scheme of work was modified with a view’ to determine 
the rate of grow th, of the plant, by noting its dry w cught in rlilTerent months, in 
reflation to wiiito-fly infestation. 

OI)servations were made in two cages only. In eacii cage dnplicate sets 
of six plants each were marked at corresponding ])laces and catch-nets were 
fixed under individual sets. The plants in one of' these cages were heavily 
infested wdth white-fly, wliilc in the otheu* cage they were kept almost free 
from attack. 

Duplicate sets were removeal every month from each (‘age during July 
to October, and the |)lants weie chopped, dried and weighed as previously. 

The data (‘ollected is [)resented in (Table VM). 

Till the end of July the ])lants under ol)servation grew almost equally 
in both the cages and prodiu'ed, on an average, about 56- I gm. of dry matter 
per ])lant. By tlie eiuL of August, however, the infested jJants pioduccd 
11*8 ])er cent kvss of' dry weight per plant as com|)ared with the uninfested 
(>nes. By the end of Se])tember again the infested ])la)its showed 1 1 • 1 per 
cent less of dry w eight. By the end of October, how ever, tlie infested plants [uo- 
dueed 10-8 per cent less of dry mattei‘ in the vegetative region and 20-0 p(‘r 
cent less in the reproductive organs, as com{)ared witli the (‘orresjionding 
figures in the uninfested plants. It is therefore, presumed that the re- 
duction in the vcygetative grow th of a jilant under wiiite-fly attack is bronghl 
about during the month of August after w hi(‘li it continues almost at tlie sairu' 
rate as in the uninfested plant, but the reproductive organs are seriously 
affected during the later period. 
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Table VII 

Relative dry iveight produced by iminfested and infested plants, 1935 
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The above data show conclusively that the uninfested jjlants produce 
relatively more of total dry material than tlie infested plants, and are, there- 
fore, better developed. Thus, the white-fly attack seriously interferes with 
the normal f)lant growth \\'lierel)v the infested plants suffer both with res])ect 
to their vegetative and reproductive develo])ment. Unhampered vegetative 
growth in the healtliy plants, on the other hand, en(X)urages boll 

3. Effect and a f in' -(f feds of the attack 

The effect and after-effects of the white-fly attack on the vegetative 
growth of cotton plants and. subsequently, their capacity for producing flowers 
and bolls w^ere inve^stigated uiidoj* various intensities of att ack. 

Experiments by Husain and Trehan |1933| were furtlier modified and 
the various effects of severe infestation for a month’s duration at different 
periods of plant growdh were studied. 

For tliese ()l)servations |)lants were grow n under cages t) ft. x h ft. x fi ft or 
9 ft. X 9 ft. X 6 ft. Except th(' jfiants w hich w^ei-e kept almost free from infesta- 
tion or under moderate attack throughout the season, each set was exposed to 
a severe wliite-fly attack for the required ])eriod. Before and after this ))eriod, 
howxwer, the |)lants w’ere kept free as far as possible by ‘ hand ])icking ’ and 
o(*casional sprayings if necessary. 

The |)lants grow n under cages behaved slightly differently iVom those out 
iii the fields, but tlie results obtained under almost identical conditions w*ere 
eompai'able. The following sets were undei’ ol>servation each year from 
1931 to 1930: 

PracticaUji free from attack. Four to fifteen j)lants were undei’ observ- 
ation. The ))lants grew^ exceedingly w’ell and were very bushy. The number 
of leaves and the heiglit attained by the individual |)lants wei’e invariably 
the maximum as com})ared wuth those of the other .sets. 

Nor^nal infestaHon during the season. Observations w'ore made on four 
to fourteen jilants. An infestation approximating that in tlie field w'as 
maintained every yeai’ and at times the adults w^ere ' hand picked ’ and 
removed if mult ip lieat ion appeared excessive. Alt h ough attempts w^ei’e 
made to keep the attack under control, it ap]')eared slightly liiglier than 
that outside. The |)]ants grexv normally but some of the middle and bottom 
leaves tiu’ned black by September and ultimately became flaccid and drooping. 

Heavy infestation during July only. Oliservations weie made on four 
to thirteen plants. After a severe infestation for one month, the adults were 
removed in August and the plants thorougidy s|U‘ayed. Spraying was repeated 
after a, few’ days to ensure comiilete freedom from attack. During the jieriod 
of inlbstation, growdh of the plants was hanqjered considerably. The leaves 
turned bla(‘k and drooped down. When tiie attack was removed by ‘ hand 
l)icking ’ and spraying after the s])ecified period, tlie plants recovered very well 
and almost regained their normal size and sluqie. 

Heavy infestalion from lo July to to August. The number of plants 
under this tieatment range<l from eight to twelve, l^ill about the third week 
of July the jilants giev/ very well but after that they received a severe set-back. 
During the peri()d of heavy infestatioin the leaves turned black and most of 
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them drooped down, the growth was almost checked and the plants appeared 
sickly. During 1934 the plants were so badly affected that they could not 
recover even after the attack was removed. 

Heavy infestation during A%igust only. Four to eight plants were 
under observation during 1931, 1934 and 1935. The plants behaved very 
satisfactorily till about the first week of August after which they turned 
very sickly and most of the middle and bottom leaves showed the characteris- 
tic signs of damage. The growth was almost at stand still and some of the 
bottom leaves reddened and dried up prematurely and were ultimately shed. 

Severe attack from middle of AufuM to middle of September, These 
observations were carried out from 1 932 onward and six to eight plants were 
put under this treatment every year. In the first year tlie attack was main- 
tained from 7 August to 9 Se})tember, but in the subsequent years the infest- 
ation extended from 15 August to 15 September. In general, the plants 
attained a good growth before they were exposed to attack, but during infest- 
ation period they appeared sickly and the bottom leaves were shed compara- 
tively very early. 

Severe attach throughout the season. This set was maintained only in 
1931. The plants grew though not normally since almost all the leaves had 
turned black and drooped (Plate XXXI, fig. 1). Premature shedding of leaves 
and floral buds was also a conspicuous feature. 

i. Effect of the attack on growth of a plant. Series of observations were 
made on the extent of growth in plants under respective sets. Weekly measure- 
ments of the main stem of individual plants were recorded for about four 
months commencing from the 1st of July each year. 

These observations showed that during the period of heavy attack the 
vegetative growth is cheeked considerably (Table VIII) and in certain cases 
it may be almost stopped. The leaves produced are relatively fewer in number 
and smaller in size than those on the uninfested plants. The floral buds turn 
yellow and drop off. Thus, during the period of attack, the growth is affected 
very badly in all respects. If the attack is removed during the growing period, 
the plants can recover and regain their growth, and in such cases the plants 
may even resume their normal size. The minimum growth was noticed when 
the plants were under heavy infestation from the middle of July to the end of 
August. Comparing the uninfested plants vdth (1) infested from I to 31 July 
and (2) moderately attacked sets which were common in all the three years, 
the increase in height of the main stem differed significantly in the former but 
approached quite near the significance in the latter case. 

Further, the detrimental effect of the wliite-fly attack, as is manifested by 
arresting the vegetative growth, gets prominent about a week to 10 days after 
the infestation has commenced. Moreover, the same effect is continued for 
almost the same period even after the attack is removed. This effect is quite 
clear from the (ionspicuous bends which are seen in Fig. 1. Plants under 
least infestation or those where moderate infestation was maintained con- 
tinued to grow normally. 

ii. After-effects of attack on flower and boll formation. In nature, the 
white-fly attack on cotton, subsides from September onward whereas the boll 
formation starts from about the middle of August and continues right up to 








Table VIIl 

Selative increase in height of plants under severe infestation of B. gossypiperda at different periods of their growth 
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Table IX 

Fhwtr and boll record on plants under different infestations of B. gossypijierda, 1931-35 
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the end of October. Does the white-fly leave a permanent effect on its host 
and if so, what are the results of such an after-effect ? To ascertain these 
results, plants were artificially infested with the white-flies during different 
periods of their growth as previously described, and flower and boll formation 
recorded (Table IX and Fig. 2). Since all the treatments were not uniformly 
represented during 1931 and 1933, the data for 1932, 1934 and 1935 only were 
an aly se d s tatis tically . 

The following aspects of the problem were studied : 

(a) Shedding of flowers and bolls. The lowest percentage shedding of 
flowers and bolls was noticed in the plants kept almost free from attack dur- 
ing the season. The plants heavily infested during the month of July 
showed an increased shedding of about 3 per cent and those under moderate 
attack 9*2 ])er cent, as compared with that of the uninfested plants. Similar- 
ly in the plants infested from 15 July to 15 August, and 15 August to 15 
September the shedding was increased by 9* 8 and 11*1 per cent respectively. 
Plants maintained under severe infestation throughout the season could not 
be compared because of their very poor condition in this respect. 



Fig. 1. Beight of cotton plants under infestation of B. gossypiperda at different periods 

of growth 

Thus, the percentage of shedding in flowers and bolls increased with the 
intensity of attack, varying, of course, with the period of infestation. Apart 
from the plants kept under least infestation, the minimum shedding was 
noticed in the plants infested only during July and maximum in those infested 
from the middle of August to middle of September. The differences, how- 
ever, are not statistically significant, 
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(b) NiWber of bolls Mafured per plant. Tim niaxiiniim number of bolls 
matured per plant was observed on the uninfested plants (Plate XXXL fig. 2). 
When comparing the relative bearing on other sets witli tha t on the un- 
infested plants, tlie number of bolls ])er plant, on an average, was 19*4, 23*2, 
29 ‘9 and 24*() lowei* on those infested from 1 to 31 July, under moderate 
attack, 15 July to 15 August and 15 August to 15 September respectively. 
The statistical analysis indi(‘ates tliat the last three infestations liave a 
significant cflFect on lowering the number of bolls per plant, 

(r) Bad opening of bolls. Corresponding to the above results, tlie per- 
centage of l)arl opening Nvas almost in tiie reverse ordco-. The lowest j)er- 
centage of bad opening was observed in the bolls from tlie uninfested plants. 
The relative figures of all the above-stated sets of |)(ants showed tliat the 
bad o))eniug was higher by 13* 4, 25- S, 41*0 and 21 -1 per cent i‘es[)ectively 
as comi)ared w ith tliat of tlie least infested jilants and the difference Iietvveen 
the uninfested and infested fiom 15 July to 15 August was si atistically 
significant. 

iii. After-effects of aUach on lint and seed development. J'Ik* data from 
these observations are given in Table X, witli tlieir statisti('al analysis in 
Table XL Since all the treatments were not n'presented in 1931, the data foi* 
1932 to 1935 were examined and tlie analysis of variance for the dilferent 
characters is given in 'fable XI. 'flic effect of treatments was signifi(‘ant 
for average lint p('r plant and average' weight of lint j>er s(‘ed. On splitting up 
the lour degrees of fie'cdom for treatments it was ionnd tliat th(^ two groujis. 
A and B (Table XI ). dilfcivd signi(i;*anf ly for all ( lie cliaracteu’s given in th(‘ 
table. It may Ik* pointed out that llu* plants iniestod from I July to 3! July 
wbicli were included in group A licliaved vciw near to the miinlestod plants 
because infestation during the early period of growth did not j>r(»diiet* anv 
marked after-effects on flie developmenf and (irodiu'tion of the plants when 
tlie attack was removed subsequently. 

The mean variance for between groiqis was tested to the pooh'd tnror 
varianec if tlie differences between the two eom}»oiients of error corresponding 
to lietween groups and remainder were non-sigivifieaiit. In tin* casi' of tlie 
avei’age weight of lint per seed tlu^ error eomponeiits differed significantly : 
hence the variance due to groiqKs was tested against its owai error, 'Lhe 
variainx; for w ithin A and B groups did not differ sigiiifieaiitlv. The following 
ronchisions have lieim drawn : 

i. Average weight of kapas per plant, 'fhe maximum production of 
kapas was obtained from the plants kept almost free from attai'k. '14i(^ jilants 
wliicli suffered from a moderate attack produced only f t- 4 ])er cent of the 
WTjglit while those infested from I to 31 July, 15 July to 15 Augnst and 
15 August to 15 September produced 51 *3, 31-2 and 27*7 per cent i‘es|>eetivcly 
as compared with the uiiinfested plants and the differenc'es were highly signi 
lieant between the two groups. 

Since the development of bolls is judged by the (‘ondition of the locks, the 
average weight {d kapas ])rodu(*ed [ler plant was furtlier ealeulated witli respect 
to the miinlKU of lo(*ks. Tliis showed that the locks of the uniufested plants 
and those of tlie jilants infested during July only yielded relatively more of 
kapas per lock as ('om])ared wdtli plants treated otherwise. Average weight of 
lint per lock also behaved correspondingly. 



Table X 

Lint and seed record of the plards vndfr d\ff^r( )d infesiaiions oj’ ^^oB^y\n\^evd'c^ for the years 1932 to 1935 
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ii. Average nu't^ber of seeds and weight of lint per plant. Corresponding 
to the weight oi kapas, the seed and lint per plant were also affected according 
to the intensity 'of attack and the period of infestation. 

Further, seed weight was estimated from 1,000 seeds from each set in 
five lots of 200 each. The seeds from the uninfested plants, on the whole, 
yielded higher weight as compared with other sets. 

It is, therefore, observed (Table XI) that the relative production of both 
these factors, namely seed and lint per plant and weight of seed, are vseriously 
affected by the white-fly attack. Their relative values, however, indicate that 
the average weight of lint per seed is aflected rather adversely and the differ- 
ences are highly significant. 

Results of considerable interest were obtained when the relative develop- 
ment of lint and seed per lock was compared with that of the control plants. 
In this way the actual production in various sets was judged on the basis of 
the expected one which was likely to be produced under normal conditions of 
attack as shown in Table XII. Thus, it w^as estimated that the bolls from the 
uninfested plants produced about 33 • 3 per cent more of lint and 25 * 7 per cent 
less of seed than what they w^ere expected to produce under normal conditions. 
Similarly the lint produced by the plants heavily infested from 1 to 31 July, 
15 July to 15 August and 1 to 31 August was 23* 1 per cent, 2*5 per (;ent and 
4*6 per cent higher res])ectively whereas it w^as lower when the infestation 
extended from 15 August to 15 September. The seed weight on the cont- 
rary sliowed the reverse order. 

Since it has been observed that tlie w hite-fly attack is detrimental in all 
respects, it is evident that the cotton plant suffers more or less in all its 
pliases. The above data, how^ever, have shown that comparatively more 
damage is brouglit about if the attack a])pears in the latter part of the growing 
period. Tliis obviously is within expectation, because during that critical 
period most important changes and adjustments in the vital nutrients take 
place in the ]>lant tissue and any disturbance during the flowering })criod or 
a little before it is likely to act adversely on the subsequent yield. 

White-fly arid the leaf curl of cotton and zinnia. Mathur [1933] states that 
B. gossypiperda is responsible for ])roducing leaf crinkle in zinnias at Dehra 
Dun. He further remarked that the leaf crinkle of cotton in the Sudan was 
identical wdth tliat in zinnia at Dehra Dun, the vector being the same. 

There is no leaf crinkle of cotton in the Punjab, but a disease called the 
‘ smalling disease ^ of cotton is common in certain localities of the |)rovince. 

To study the role of B. gossypiperda in causing the so-called ‘ smalling 
disea>se ’ of cotton or the leaf curl in zinnias, some observations were made 
during 1932 and 1933 and tlie following sclieme was adopted : 

1. Adults of B. gossypiperda were (‘oliected from malformed leaves of 
zinnia and dw’^arf plants of cotton in nature and were sleeved on to healthy 
seedlings of cotton and on zinnia. 

2. Adults of B. gossypiperda which emerged from the nymjihs bred on 
malformed leaves of zinnia or on cotton ])lants suffering from ‘ smalling 
disease ’ wane liberated on healthy seedlings of cotton and zinnia. 

In both cases no crinkling was produced on zivmia <ind no smalling or 
crinkling on cotton. The results of these observations are given in Table XIII. 
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Table XIIl 

Ncgafiw results in the Iranswtsston of leaf curl disease by B. "'oissypiperda in Ike 

Punjab 


DaUt 

Mniaht‘1 oi 
adults 
libcrutcd 

.\dull ' bri ll or 
nollrrtf.l 
lit mi 

Pl:int> on 
which atlults 
libcriitcd 

iNumti(‘r 
of leaves 
on t he 
plant 

>ievv nduUs 
('lUertred 
on 

h’eniarhs 










N lllU'TOUS 

C'ottou )>huit 

Willl ‘ '•IU;illjl)^| ’ 

(A)ttou 

” 

21 ^eiit.emher 

1 1>:{2 

Xo crinkling. Second 
ftoiieration also coin- 
pleted )i\ 12 Deci'niber 
D):42 


Dl 

Drftl oil rot toll 
lilaiit with 

‘ .sm.'illinir ' 

Do. . 


12 Oetohtr 
1U;{2 

No crinkling. New fliid 
tie' old leaves normal 


17 

Do. 

D<i. 

:» 

Do. 

Do. 


0'\ 

Do. 

J>o. 

4 

Do. 

Do. 



Do. 

l>o. 

4 

Do. 

Do. 


ir. 

('ollfctfil Iroul 

Do. 


Do. 

Do. 


\\ 

Do. 

Do. . 

4 


Do. 



Du. 

Do. 

4 

Do. 

Do. 

V.ri'i 

.Xiimoi'Diis 

Kroiii fho^i- 

fUlfl'ilMl oil 21 
Septf lllhfl' DbiL' 

Do, 


Do. 

\ eiy >evere iiil'estat ion 
o| nymphs, etc , hut 
noerinklinu uii to 12 
Oetolier 11)2.2 

1 4 } .\ iiu'liisl 

N !! Ml.fi ( Ml' 
iidiilt ' 

(til conoil |i};|lll • 
ill a I'aff 

/iiiiiia 

lour 

plant' 


'I’lie plam^ were kept in 
a eiige whtTe cotton 
pliuts wire very seve- 
rely infested hy tlie 
white-lly. /inniu 

plants ui'fe scveri'ly 
infe.sU'd hut no erink- 
ling was ohsi rveil till 
<s Detobm- il):i.;. In 
one plant, bowitfr, 
the top leaves siioweil 
seuue malforjuation. 

New 1 (dives wi-re rjiiite 
normal 

I 1 NiiVriuln r . 


Itllll oil cotjolj 
plant tvith 

‘ Mtiallin.o ‘ 

Do. 

(due plant, 
with four 
b'aVfs 


by lo ftetober, tlie 
number of l('a\'f s ip- 
eveased to 12. \Mi('n 
t he sle(‘\'(' was remoM'd 
the siiiall(‘r leave,' wi't'e 
Ion ml a little crumbled 

i ♦' 

12 

Do. 

( ot lull 



'file plant grow nicely 
utdo 4 Oetobir and 
the leaM" were (|ui(.e 
nor.m!il. J'ln ))lanf 

di(ul on (• October 11)3:5 

211 SpjitfiulMT. 

Do. 

s 

' B 

Do. 

Do. 

Do. 

Do. 

w 


') Bolb the jilants grew 
unite InalMiy wlu'ii 
: y they weri' ket't umh'r 
otiservalion till 11 
j Niivember IB 33 


llie (lat iV i>reMt'n(ed above arc nu'asre and it is nut very aafc to diaw' any 
conclusive statement. Tt may, however, be ))ointed out tliat B. gassy pi pvr da 
has not given any indieutioii of being tlu' direct cause of producing the 
crinkling or the ‘ smalling ' disease in zinnia or (H)tf on resjrectively in the 
Punjab. Further, the abundance of the white-fly and corresponding absence 
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of any pathogenic disease even in zinnia plants which were enclosed in cages 
and thus exposed to severe infestation by this pest excludes all possibilities 
of its being the transmitter of such a disease. The plants under observation 
were kept in those cages for about 46 days, but symptoms of disease were 
not noticed. In one case only the top leaves showed a little malformation. 
This was probably the result of very high infestation and a consequent 
desapping of the foliage. 

These investigations show that the causative organism of leaf crinkle of 
the Sudan may very likely be absent in the white-flies of this province or at 
least it is not so virulent here. This conclusion is supported by the views of 
Butler [1934] who states ‘ The leaf curl in the Sudan was like malaria requir- 
ing both the insect and the parasite. Position in the Punjab where white-fly 
is abundant and leaf curl rare is exactly the same as in England where 
anophales occurred but no malaria as there were no parasites ’. Jackson [1934] 
suggests ‘ Leaf roll was a physiological effect not associated with any pest, 
though an insect might be attracted by the sap condition arising out of the 
physiological state of the plant. ’ 

Some 1 ‘osults of our cage experiments during 1931 and again in 1934 may 
elucidate our contention and support the views expressed above. In a few 
plants which were artificially kept almost free from white-fly attack during the 
season, ‘ smalling ’ of leaves and branches apj)eared on some of the branches 
whereas those under severe infestation were quite free Itoin these symptoms. 

This disease, however, has not been regarded of hereditary nature by 
Mohammad Afzal [1935]. 

It is, therefore, presumed, as already pointed out by Husain [1930], that 
B. gossypiperda may not be regarded, so far, as a vector for the transmission 
of this disease in cottons or even in zinnia in the Punjab. However, tlie 
])roblem should be taken up more seriously since there is every possibility of 
the inti'oduction of such diseases in the province as this white-fly has been 
proved by other workers to be the carrier of the leaf-curl vu’us in other parts of 
the country. 

Summary 

The nature of damage by Aleurodidae has not been rightly understood so 
far. The present investigations, therefore, were undertaken to analyse the 
various aspects of this problem. 

In the absence of any mechanical injury to the plant tissues, the effects 
of the white-fly attack were studied in relation to the physiological changes in 
the plant, its rate of growth and its reproductive activities. 

The percentage of moisture is relatively higher in the uninfested plants 
with a coiTesponding increase of dry matter in the infested ones. Healthy 
plants show a lower C/N ratio — a condition that has been shown to stimulate 
the vegetative and reproductive growth of the plant. 

Nitrogen is higher in the foliage of the uninfested cotton plants till the 
middle of August, after wdiieh it may rise in the foliage of the infested plants. 
However, it is significantly higher in the bolls of the uninfested plants than in 
those of the infested ones. 
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A much higher percentage of nitrogen, ash and fat is transported from the 
vegetative to the reproductive org«ns in the uninfested plants. 

Reduction of bolls on the infested plants may be the result of some dis- 
location in the carbohydrate and {trotein balance. 

The total dry matter produced by the uninfested plants as a result of their 
growth for exceeds that produced by the infested ones and, on an average, may 
extend to about 40 per cent. Thus the vegetative and reproductive growths 
are superior in the case of uninfested plants. 

During the jceriod of severe infestation, the vegetative growth is checked 
and in severe cases of attack may be almost stopped. 

The boll formation increases as the intensity of attack decreases while 
the shedding and bad opening of the bolls correspond with the increase in 
attack. The bolls produced by the uninfested plants are well developed, and 
yield a maximum weight of Icajms. The severity of infestation particularly 
wiien it appears late in the growing season lowers the yield of lint and affects 
the plant more adversely in all respects. 

B. gossyjnperda has not been found in any way responsible for the trans- 
mission of the ‘ smalling ’ disease in cottons or tlie leaf-curl in zinnia in 
the Punjab. 
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In the first paper on the subject, the authors [1937] presented data which 
could be used to determine the size of the sample of sugarcane which 
would give analytical figures lying within the limits of accuracy desired l)y 
the investigator. It was shown that for ordinary analysis of sugarcane 
juice, a sample consisting of ten stools picked at random from the field (1/7 
of an acre in size) will give as accurate results as may be iequired in routine 
analysis. If, however, tlie results are to be expressed as jieicentages on cane, 
one must have an accurate estimate of the juice ])er c^ent. and for this pur- 
pose a sample consisting of 25 stools was recommended . 

The above conclusions were arrived at from a study of the data pertain- 
ing to Co 318 grown at Lyallpur during the season 1935-30. It was ho])ed. 
that later on it would be possible to examine these conclusions with reference 
to other varieties grown at different stations and to find out the extent to 
which data collected subsequently would bear out tlie i^onclusions already 
repoited. 

With the above objects in view, the investigation w as extended to a num 
her of varieties grown at different stations, and in orcUu- to study the seasonal 
effect, the canes at most of the places were analysed on different dates during 
the crushing season. 

Further, it has been suggested that for any particular limit of accuracy 
desired, the size of the sampling unit will depend upon the degree of maturity 
of tlie cane, i.e., the more mature the t^ane, the less will be the number of canes 
or cane units required to make u|) the sampling unit. In other words keeping 
the size of the sam])ling units the same, the degree of accuracy obtainable 
will increase with advance in the crushing season. This suggestion also 
required examination. 

The inveBtigation, the results of which are presented in the present 
paper, was carried out during the season 1930-37 and relates to the sugar- 
cane crof) grown under zemindari conditions. 

The different vaTreties of sugarcane 8electe<i were analysed three to four 
times during the crushing season, as shown in the following statement : 
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vn 


Locality 


VariiaicK 

Dat(' of 

analysis 


Lyallpvn* 

(V) 22;l 

Co 2S5. Co 312. Co 313 

! Hi 

193(1, 27 

Jan- 



j iiai'v 1937, 

3 Mairh 

1937, 




9 April 1937 


Curd a spur 

Co 213, 

Co 28.5, Co 300, Co 312, 

30 Novciulx'i 

103(i. 2(i 

Jan- 

Co X] 

II 

I iinry 1937, 

12 Marc]) 1937 

Mont^oiiKuv . 

Co 223, 

Co 285, Co 200. Co 312 


1030, 28 

Jan- 

j 



i limy 1037, 

13 March 

1 937 

i 

j 



(Only Co 22 

3) 


Rawal})infli , . \ 

Katha , 

Co 285, Co 312 . 

21 Deccnibi-r 

930 



Size of the sanij^le vnii. In the first paper of tlie seiies the size of the 
sample recommended was ten stools but as this roc^ominendation was based 
on the analytical data relating to only one variety, it could not l>e stated 
definitely that it would ap[)ly to all the varieties commonly grown in the 
Ihinjab. It was considered likely that in the case of certain varieties a 
smaller-sized sample may do as well, while in the case ol' others, larger 
samples may be required. In the present iiu^estigation, therefore, the siz(‘ 
of the sample unit was fixed at five stools. siiu'C if and when requiiod sample 
series of bigger sizes could be emsily (‘onstructf?d from this. 

Since the ])ublication of tlie first |)ai)er of this series Arceneaux et ah 
[1939] [jublished tlie results of their investigation on the relation l)etween the 
size of' the sample and the expei‘imental error in the analysis of juice and the 
determination of the yield of sugar in connec^tion wath their sugarcane variety 
trials. They reported and compared two sets of errors ariived at in two 
different ways. The figures for average brix and sueiose |)ercentage in juice 
wore obtained from six reidicate samples of 3. 5. 10. 20 and 40 stalks. One 
set of errors w as obtained by analysing inde])endently t he data pertaining 
to each one of the six sam|)ling units in all the five sample series. The othei’ 
set of errors, liowevej', was derived by dividing the standard deviation of the 
lowest-sized samjjle series by \/n, where n denotes the multiple of the lowest- 
size sample coiTe8p()nding to tlie larger size for wliicdi the error was to be 
worked out. In this case the multiples used were 5/3. 10/3, 20/3, and 40/3. 
As a result of this investigation, the above authors concluded that althougli 
there W'as a (;onsistent decrease in the standard error of tlie average differ- 
ence with an increase in the number of stalks jier sample, yet these figures 
lor the observed decrease fell short of those foi‘ tiie tlieoretical values which 
w ere obtained on tlie assumption of complete landomness of variation betw een 
the three stalk samples. They explained the ditfereme in the two sets of 
figures to be probably due to ])lot diffei'ences in tlieii* varietal test. The 
results obtained by Holmes and O’Neal [1939], on the other hand, showed a 
very close agreement betw^een the two sets of errors w orked out as described 
above, 
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Fig. I. Observed and theoretical standard errors per cent for Co 318f LyaUpur 

Ah mentioned already, we had in view the construction of sample series 
of 10 or even 15 stool size from the lowest-sized sample series, viz., that of 
five stools but before selecting one of the two methods described above, 
it was considered desirable to examine them with reference to the data 
obtained at LyaUpur. Therefore, the values of the standard deviation for 
different constituents of cane for three stool sample series of Co 318 presented 
in Table IV of part I of the series [1936] have been used for calculating by 
the second method described above, the standard deviations for sample series 
consisting of sampling units of 6, 9, 12, 18, 24, 30 and 36 stools each. 
These values along with those already arrived at for the corresponding in- 
dependently constructed sample series are given in Table I and representeij 
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graphically in Fig- 1. It will be observed that, as observed by Ho hues and 
O’Neal [1939], the two sets of values show an appreciable concordance. 

Table 1 

Belation between the standard deviations of the means for different constitueni 
of sugarcane corresponding to sample units of different sizes (a) as deter- 
mined independently for each sample series and (b) as calculated 
from the values for the lowest-sized sample series assuming 
complete randomness of variation within it 


Variety and size 

tfuice per cent 

. _ . 1 

Total solids 

, 1 

prr cent j 

Sucrose 

per cent 

(.iUicose i)cr cent, 


of the sample 

(a) 

(5) 

Ui) 

ib) 1 

(fl) ' 

j 

(5) 

(«) } 

(5) 

Co 318 

3 stool samples . 

0*320 


Lyallpur (w^- 48 ) 

0*070 

0*084 


0*012 


6 

Po. 

0*240 

0*226 

0*046 

0*050 

0*054 

0*059 

0*008 

0*009 

9 

1)0. 

0 • 182 

0*186 

0*034 

0*040 

0*040 

0*049 

0*007 

0 007 

12 

Do. 

0 189 

0 • 160 

0*034 1 

0*035 

0 040 ! 

0*042 

0*006 

0*006 

18 

Do. 

0*205 

0*131 

0*025 

0*029 

0*029 

0*034 

0*004 

0*00 

24 

Do. 

0*110 

0*113 

0 *024 

0*025 

, 0*027 

()030 

0-004 

0*004 

80 

Po. 

0*108 

0*101 


0*022 


0*027 


0*004 

36 

Po. 

0*100 

0*092 


0*020 


0*024 


0-003 
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In the present study, therefore, we have worked out the standard devia- 
tions for ten stool samples by dividing the values of five-stool samples by \/ 2 , 

As has already been stated, four varieties of sugarcane were analysed 
on four different dates at Lyallpur, five varieties on three diflferent dates at 
Gurdaspur and throe varieties on two different dates and also one on three 
different dates at Montgomery. At Rawalpindi, where, owing to the severit}^ 
of winter, crushing of cane has to be finished before the onset of frost, the 
three varieties under observation were analysed only once. 

As mentioned already, ten replicated samples of five stools each were 
obtained for the different varieties, the total area being about 1/16 acre under 
each variety with approximately 5 per cent samples on any one date of analysis. 
The chemical analysis included the determination of juice percentage, total 
solids and sucrose. Glucose was not estimated because the relative amount 
of this constituent present in the juice is very small and further, as has been 
shown in our previous paper, this figure being subjecjt to the largest amount of 
error, any attempt to reduce it to the level of that for sucrose would be success- 
ful only if the sample size could be increased inordinately. 

The analytical work carried out during the season 1936“37 at various 
places involved 43 x 10^^430 analyses, and as the presentation of the analyti- 
cal data for so many samples of juice would have taken a large amount of 
space, these are not given and from the point of view of the problem in hand, 
the final figures of tlie coeffi(‘ient of variation of the ton re])licate samples of 
five stools each, determined 8e|)arately for each variety and analysed on any 
particular date, have boon considered sufficient . 

Another important point is that during the year 1936-37 we were con- 
ducting a systematic sugarcane survey of some of the more imj)ortant varieties 
growing in the distihffs of Lyall])ur and Montgomery and had reserved for 
this enquiry about 10 niarlas of a standing crop of average (uines of each 
variety at various centres in these districts. For the sake of convenience 
and also with the object of forming an idea of the limits of accuracy in the 
collection and analysis of those sugarcane survey samples, work on the sampl- 
ing of sugarcane was also carried out simultaneously on tlie same plots. 
Further, the sugarcane survey necessitated the withdrawal of large-sized 
samples every fortnight. It was, therefore, anticipated that as a result of 
repeated sampling and consequent thinning of the crop reserved, the errors 
in the replicate samples miglit be rather high. Some objection may be taken 
against the amalgamation of tliese two enquiries but in view of the fact that 
in a ripening test, sami)leB of cane have to be withdrawn periodically from the 
same plots, it was thought that a study of the variations in the quality of the 
crop at definite intervals might prove to be of considerable interest. 

The figures of the coefficients of variation mentioned above have been 
worked out for different constituents and the results presented in Table II. 
As will be seen, the data pertaining to any one variety analysed at different 
stations have, for the sake of convenience in presentation, been assembled 
together. The coefficients of variation have been worked out for juice and 
other constituents, botli when these latter are expressed as percentages on 
juice and on cane. 
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Table II 

Coefficients of variation for different cmistituents of different varieties of sugar- 
cane grown at various stations and analysed on dijfereni dates 

(Calculated from the data of the analyses of ten random samples of five stools each) 

(1936-37) 


Variety 

Station 

Date of 
analysis 

ConstitiientH exjness - 
ed on juice 

ConstitiKait-H exjiresBcd on 
cane 

1 

Total j 
solids I 

Sucrose 

Jiiice 

1 

Total 

solids 

SiK^roso 

Jo 285 

Lyallpur . 

16-12-36 

3-71 i 

8-25 

1 *73 

3 ‘34 

7 -45 


»> 

27-1-37 

2-00 1 

5-50 

3*71 

4-03 

6-83 



3-3-37 

3-62 ! 

5-94 

3 04 

3 -85 

5 '82 

»» 

»» 

9-4-37 

3*90 ; 

6 -09 

3 ‘89 

4 -48 

6 ‘37 



Mean . 

3*31 

6-45 

3-09 ' 

3 -92 

6*62 


Gur«kflpur 

30-11-36 

4*26 

5-83 

5 ‘73 

3*23 

4*00 



26-1-37 

3-22 1 

4-95 

1 -81 

3 -07 

5 ‘20 



12-3-37 

2 -61 ! 

3-34 

5 ‘75 

5*86 

6 -22 



Mean . 

3*33 

4-71 

4 -43 

4*05 

5 14 

»» 

Montgomoiy 

9-11-36 

2 -68 

3-98 

1 -95 

1 -49 

2 -63 


»» 

28-1-37 

318 

4-29 

1 *35 

3 ‘30 

4 11 



Mean . 

2-93 

4 13 

1 ‘65 

2 -40 

3 -37 


Rawalpindi 

21-12-36 

1 ‘69 

2 -97 

1 ‘06 

1 -78 

2 -OO 


Mean 


3 08 

5 'll 

3 00 

3 44 

5 15 

Co 312 

Lyallpur 

16-12-36 

5-85 

8 -96 

1 -44 

6-34 

9 -85 


»> 

27-1-37 

5*79 

j 10 -97 

2 ‘(9) 

6-23 

10-91 

>> 

>> 

3-3-37 

4-76 

j 6-11 

3*16 

7 -59 

8 -28 

»» 

j j 

9-4-37 

4-34 

1 6-18 

2 ‘24 

5-52 

6 -82 



Mean . 

519 

j 8 -05 

j 

2 -36 

6 *42 

8 ‘96 

j j 

G urdospur 

30-11-36 

8-94 

12 -54 

1 *28 

6 -85 

11 '64 

>» 


26-1-37 

5 *57 

10-81 

0 -68 

6 04 

11 -29 



12-3-37 

3 ‘44 

4-77 

2 -05 

4-27 

5 -65 



Mean . 

5-98 

1 9 -37 

j -34 

j 5 -72 

9 ‘53 

»» 

Montgomery 

^ 9-11-36 

2-59 

4-43 

1 ‘63 

' 3 -26 

5 -01 

»» 

»» 

28-1-37 

6*09 

10 02 

1 2 -78 

.| 

7 ‘42 

I 10-31 



Mean . 

4-34 

7 *22 

! 2 -20 

1 

i 5 -34 

1 

1 7 '66 

»!» 

Rawalpindi 

21-12-36 

1 -46' 

3 -12 

1 12 

J„ 

i 2 -07 

i 3 -49 

J _ _ 


Moan 


4 ‘88 

1 7 -79 

1 1 '90 

1 

1 5 -56 

! 8-32 

1 
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V^ariety 

Station 

Date of 
analysis 

Constituents exi>r‘ess- 
ed on juice 

Constituents <>xi)ressed on 
cane 

TotMl 

solids 

Sucros<> 

Juice 

Total 

solids 

Sucrose 

Co 223 

Lyallpur . 

16-12-36 

2*77 

3*86 

2-24 

2 -25 

3-31 


»> 

27-1-37 

3*18 

5 *50 

2-04 

3-21 

4 *95 


»» 

3-3-37 

3 04 

4 ‘86 

2-83 

2-75 

3*83 


>> 

9-4-37 

4 '06 

5*98 

3-56 

5 -78 

6 ‘91 



Moan . 

3-26 

5 *05 

2-67 

3-60 

4-75 


Moutg(.)ni(?ry 

9-11-3G 

r> 14 

7-22 

2-45 

4*71 

6 ‘96 


,, 

28-1-37 

1 ‘81 

3 -67 

1 -58 

2 -01 

3 *86 

- 


13-3-37 

1 18 

1 -88 

1 -27 

1 -29 

1 *78 



M(’an . 

2-71 

4 *26 

1 -76 

2*61 

... 

4 *20 


Moan 

' 

3 03 

4 *7! 

2*28 

3*14 

4 *51 

Co 313 

Lyallpur . 

16-12-36 

6-l() 

8 *15 

2 -47 

3 -86 

6 -92 


>> 

27-1-37 

2-96 

2 -75 

2 -93 

3 -46 

3*22 



3-3-37 

7 *47 

10 03 

3 *(>6 

7 -58 

9 -HI 


>> 

9-4-37 

3 -95 

8 *20 

1 *53 

3 ‘90 

6*87 



Moan . 

4-87 

7 -28 

2-65 

4 •7(.» 

6 -70 

Co 213 1 

(.{urda.si)iii* 

30-11-36 

5 *72 

7 *95 

1 -56 

5 *08 

7-27 

f > i 

*1 1 

26-1-37 

3 *65 

5 *65 

1 13 

3*48 

5 1)1 


» ? 

12-3-37 1 

1 

5*63 

5 *43 

1 ‘92 

4-46 

5 *70 

i 

Moan . 

4 *97 

; 6 *34 

1 ‘54 

4 -34 i 

(> * 1 9 

Co 30(1 

G urdaspui' 

30-11-36 i 

5*83 i 

8 *04 

1 *75 

5-56 

7 *75 



26-1-37 ! 

414 i 

6 -22 

i -84 

3-68 i 

5 -82 

>• 

- 

12-3-37 ! 

4*12 

i 5 ‘47 

2 *71 

4-09 1 

1 ! 

5 *10 



Moan . 

4*70 1 

6 *58 

2*10 

4 -44 

6 *22 

Co 331 

G urduspiir 

30-11-36 

6 *45 i 

10 -27 

2 -23 

5-98 

: 9 -40 


• j 

1 26-1-37 I 

3 *03 

5 *63 

; 2*31 

4-94 

i 7 *48 


” 

12-3-37 1 

6 '82 ; 

9 ‘28 

2 *80 

6 -75 

8 *48 



Moan . i 

1 

5 -43”] 

: 1 

8 *39 



2 *45 

5-89 

8 -45 

Co 290 

Moiitgf)rn»‘iy 

9-11-36 

3-62 1 

6 -70 

2 -02 

4*42 

7 *14 

- 


28-1-37 

7 -74 : 

1 

10-12 

1 1 -97 

7 ‘48 

9 *91 

, 


Moan . 

5 '68 

. . ( 

8 ‘41 



2 ‘00 1 

5-96 

S *52 

Katha 

Rawalpindi 

21-12-36 

0-88 I 

1 *52 i 

I -65 i 

1 -10 

2 *30 

Co 318* 

Lyallpur . 

25-3-36 

1-60 j 

2*58 

2-72 




♦In this case instead of five stools, six stools constituted tlie sampling unit 
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The data presented in this table throw considerable light on the co- 
efficient of variations tor different constituents of cane as w ell as on the varia- 
tions due to different varieties of cane, the influence of different stations, 
climatic and soil effects, and also the variations which occur at various stages 
of ripening of the cane during the period of its grow th . 

The results of the analysis of sugarcane are usually expressed either 
as percentages on juice or o]i cane. Whatever the method of expression 
adopted, the data presented in Table II show' that the coefficient of variation 
is almost the same. This, however, is not in conformity with the findings 
relating to Co 285 and Katha reported in our previous ]:)aper. Those were 
based upon the data pertaining to only two varieties w hich were analysed 
once in the season. Tlie conclusions now' arrived at cover a much wider 
range for any variety with regard both to the dates of analyses and the 
localities surveyed and for this reason may be regarded as more reliable. 

The coefficients of variation a-s affected by the different factors mentioned 
above will now' be discussed separately under different heads. 

Coefficients of variation of the different constitnents of cane 

Considering the mean values for the coefficients of variation for the 
three constituents, viz. juice, total solids and sucrose for all the varieties, 
it will be observed that, except in the case of Katha from Rawalpindi, this 
figure is the low'est for juice and highest for sucrose. The variability for 
sucrose is invariably liighor than that for total solids, being about one and a 
half times the latter. This may be due to the fact that sucrose is more sensi- 
tive to clianges in the environmental conditions than are total solids. It 
has been observed, for example, that, as a result of the action of frost upon 
the susceptible varieties of sugarcane, while total solids may not undergo 
any great change, the tall in the amount of su(nx)se due to inversion is rela- 
tively more pronounced. 

Variaiioris betwee7i different varieties 

Considering the comparative figures of coefficients of var iations of different 
varieties, it will be noticed that, as regards juice, Co 285 show-ed the highest 
variation both at Lyallpur and at Gurdaspur, while Co 312 at Gurdasjnir 
gave the low^est figure. As far as total solids are concerned, the highest 
figure w^as obtained for Co 312 at Lyallpur. The values for this variety at 
Gurdaspur and Montgomery w'ere also very high, being next only to Co 290 
at Montgomery and Co 331 at Gurdas])ur. Katha a local variety gave at 
Raw'alpindi the lowest coefficient of variation for total solids and w as followed 
by Co 285 and Co 223 at Montgomery. As regards sucrose, the highest figures 
were given by Co 312, Co 290 and Co 331 and lowest by Katha and Co 223, 
thus showing a high correlation betw'een the variation in siu'rose and that in 
total solids. 

Variatiofis due to localities 

Since all the varieties w^ere not available at different stations it is not 
possible to say precisely to what extent the meteorological and soil factors 
peculiar to different localities affect the extent of variation. However the 
data relating to Co 286 and Co 312, both of ^hich were available at three 
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stations, viz. Lyalljjur, Gurdaspur and Montgomery and Co 313 from Lyallpur 
and Gurdaspur, supply a certain amount of information on the point. 
Considering the data for the two varieties collectively (Table III) the 
lowest figures for coefficients of variation both for juice and sucrose were 
obtained at Montgomery. This is rather surprising, since most of the land 
at this station is characterized by the presence of scattered patches containing 
a high concentration of salts, mostly those of sodium. 

Table III 


Coefficients of variation for the same varieties in different localities 



Lyallpur 

Gurdaspur 

Montgomery 


Juice 

Sucrose 

Juice 

Sucrose 

Juice 

Sucrose 

Co 28.5 . 

3-09 

6*62 

4*43 

5*14 

1 *65 

3-37 

Co .312 . 

2-36 

8-96 

1 -34 

9-63 

2*20 

7 *06 

Mean 

2*72 

7*79 

2*89 

7 -34 

1 93 

5 *52 

Co 313 . 

2 

6*70 

1 *54 

6*19 



Co 223 . 

2*67 

4*76 


• • 

i *76 

4*20 


The corresponding figures from Lyallpur and Gurdaspur were almost the 
same. When, however, we consider the figures for Co 313 which was available 
both at Lyallpur and at Gurdaspur, we find that the coefficient of variation for 
juice was about 60 per cent higher at Lyallpur than at Gurdaspur which 
was also the case with Co 312. The figures for sucrose did not show any such 
difference. Evidently the data at our disposal are insufficient to wanant 
any general conclusions being drawn. 

Variations in relation to the degree of maturity of the crop 

Some workers beheve that as the crop advances towards maturity the 
different constituents in cane reach a more stable figure. Therefore, late in 
the season, it may be possible to reduce the size of the sample without any 
appreciable sacrifice in accuracy. The data presented, however, do not lend 
support to such a view. In Table IV the figures for coefficient of variation 
of different varieties grown at various stations have been so re-arranged that 
the figures derived from analyses carried out early in the season appear in 
columns 1 and 2 and those relating to analyses done late in the season in 
columns 3 and 4. It will be seen that in a number of cases the variability 
is greater in the early season than in the late season, while in other cases 
quite the reverse is the case. The mean values for the two sets of variables 
given at the foot of the table do not differ appreciably from each other. This 
is easily explained if we take into consideration the fact that sugarcane is a 
very heterogeneous crop, and in a field, canes of diiferent ages are availabl^i 
at any time during the season. 
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Table IV 

Coefficdenis of variation for different varklies of sugar mne as determined by 
analysing them early and late in the season 



— 

j Analysed early in the 
i sr‘a.,son 

1 

Analysed late in the 
season 

i 

j duie<‘ 

1 

8uero,se 

Juice 

Sucrose 

285 

Ly allpur 

. ! 1-73 

7 *45 

3*47 

6 10 

»» 

CiiirdaHpiir 

. i 5 -73 

4 '00 

5 *75 

6*22 

” 

Montgomery . 

1-95 

2 '63 

1 -35 

4 11 

312 

Lyallpur 

1-44 

9 -85 

2 '70 

7*50 


(iardaBpur 

. ! 1 -28 

1 1 '64 

2 '05 

5*65 


Montgom(>ry . 

. : 1G3 

5 '01 

2-78 

10 '31 

223 

l.,yallpur 

. j 2*24 

3 '31 

3 '20 

5 '37 

>» 

Montgoin(‘ry . 

. j 2 -45 

6 '96 

1 '27 

1 *78 

313 

Lyallpur 

. 1 2-47 

6 '92 

2 '60 

8 '34 

213 

Garda, s})ur 

. \ 1 -50 

1 

7 *27 

1 *92 

5 '70 

300 

Gurdaspur 

.1 1 '75 i 

i j 

7 '75 

2-71 

5*10 

331 

Gurdaspur 

! o .Off i 

. 1 ^ «t> 1 

i j 

9 '40 

2 '80 

8*48 

290 

Moiitgomf'jy . 

• ! 1 

7-14 j 

1 '97 

9 '91 


Mf'aii 

2 -20 j 

6 ‘90 ! 

2 '60 

6 '50 


This point was furtiier examined and more definite conclusions arrived 
at from the data relating to varietal trials carried out at. Gurdas{)ur, Karnal 
and Montgomery during the season 1938 - 39 . A number of varieties were 
analysed at these stations three times during the crushing season, viz. in 
December 1938 and January and February 1939 . The system of replica- 
tion followed at Gurdaspur was six varieties (Co 312 , Go 313 , Co 385 , Co 421 , 
Co 285 and Co 371 ) in four blocks ; at Karnal there were six replications of 
five varieties (Co 312 , Co 385 , Co 421 , Co 285 and Co 395 ) and at Montgomery 
three replications of five varieties (Co 312 , Co 421 , Co 285 , Co 395 and Co 371 ). 
The size of the experimental plots at all the ))laces was 1 /49 of an acre and throe 
sampling units of 10 stools each were taken for analysis from each plot. 
The above localities represent three important cane-growing tracts of the 
province which have different climatic conditions. 

The data pertaining to the three dates of analysis have been examined 
only with reference to sucrose. The analyses of variance for each of the 
three dates have been worked out sopi|rately and are presented in Table V 
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Table V 

Analysis of variance of the mines for sucrose estimated on three different dates 


(Expressrd as percentage on cane) 








Sampling 
error per 
sampling 




Dato 

Source 

Degrees 

Sum 

Mean 

Mean 

Coefficient 

Station 

of 

of 

of 

of 

square 

unit of 

value for 

of 


analysift 

variation 

freedom 

squares 

10 

stools 

sucrose 

variation 








each 



Oordaspur . 

Dootiiuber, 

Between plots 

23 

33*60 






19:18 

48 

6-32 

0*132 

±0*363 

7*96 

4*66 

Within and bet- 



ween plots 

samples 







1)0. 

J aimary 

Between plots 

2:i 

47*61 






1939 









Within and bet- 

48 

12*31 

0*256 

±0*500 

8*02 

5*87 



ween plota 

samples 







Do. 

February, 

Between plots . 

23 

67*10 






1939 









Within and bet- 

48 

11*37 

0-237 

±0*487 

9*08 

5*36 



ween 'plots 

samples 







Ear mil 

DeeeJUlKT, 

Between plots 

29 

56*89 






1938 









Within and bet- 

m 

7*11 

0*118 

±0*344 

0*38 

3*67 



ween plots 

samples 




i 

[ 1 


i 

Do 

.Tanuarv, 

Between Plots 

29 

77*76 






1939 

Within and bet- 

«0 

10-0.5 

i 

i 0-167 

± 0*411 

10*29 

3 • 99 



ween plots 

samples 







Do 

i February, 

Between plots 

29 

68*51 ! 

i 

! 




1 1939 1 



f 





i 1 

Within and bet- 

60 1 

16-76 

j 0-279 i 

±0-528 J 

10*70 

4 • 9.n 

j 

1 

ween plots 

samples 



1 

: 1 

1 ! 

j 



Mantgomerj^ 

December, 

1 1938 

1 

Between plots . ; 

14 

88-04 

! - ! 





Within and bet- 

:U) 

11*12 

0-371 i 

±0*609 

9-10 

(>•69 


1 

I 

j 1 

ween plots 

samples 



1 

i 

i 



Do. 

January, 

Between plot« . 

14 

24*15 






I 1939 

1 

30 

9*16 

0-306 

±0*5.52 

8-25 

()• 69 

Within and bet- 


j 

ween plots 

samples 



1 1 

1 i 




Do. 

February, i 

Between plots 

14 

39-36 

j i 





1939 







1 


Within and bet- 

30 

10*24 

1 0-341 j 

±0-584 

9-42 

6*20 



ween plots 

samples 


i 

j 





Considering the figures for sampling errors and the coefficients of varia- 
tion for the three different dates it will be observed that there is no consistent 
difference between these three sets of figures at any of the stations. Besides 
the extent of differences between the figures for the three dates of analysis is 
not very pronounced at any station. These results confirm the conclusion 
already arrived at and show definitely that in order to obtain the same degree 
of accuracy in the figures of chemical analysis, one would not be justified in 
reducing the size of the sample wh^jn the (sanes are to be examined late ip 
season, 



Table V'l 

Hum values, standard deviations and coefficients of vayuitwn Jor juice, total solids and sucrose (on cane) i 

different varieties for five and ten stools samples 
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Limits of accuracy for samples of different, sizes 

Most of the data discussed so far hare been obtained from the examina- 
tion of the results of five-stool samples and as such are not directly com- 
parable with those given in the first paper of the series. For example, in that 
paper it was mentioned that the figures for sucrose and total solids expressed 
on juice were accurate within a range of about iO-5, for glucose- within 
±0* 10 and for juice within ±2*5. In order to have an idea of the extent 
of agreement between these figures and those obtained now, the range of 
variations, for the mean values of juice, total sohds and sucrose have been 
worked out and are given in Table VI. The standard deviations obtained 
are based upon the mean figures of the coefficients of variation for difierent 
varieties given in last fine at the end of each variety in Table II. 

The values for ten-stool samples are calculated from those for five-stool 

samples by the application of the formula . For the sake of com- 

.V ^ 

parison the values for Co 318 obtained previously have been recalculated 
so that they may become comparable with those for the other varieties now 
obtained and are given in the last line of the table in the column for five-stool 
samples. As a matter of fact, however, these are for six-stool samples. 
In the first paper of the series the limits of accuracy obtained finally were 
given in terms which could be compared directly with those obtained by 
Leather’s method of representation [1913]. Therefore, to be strictly compar- 
able to those obtained previously, the figures for limits of accuracy for sucrose 
given in Table VI should first be expressed on juice and then doubled. 

Considering the figures for ten-stool samples, it will be observed that in 
the case of juice the range of accuracy for all the varieties with the exception 
of Co 285 is smaller than that obtained imeviously for Co 318. Even in the 
case of Co 286 it is only slightly wider. However, in the case of sucrose for 
all the varieties, except Katha, it is considerably higher than that for Co 318. 
The figures for Co 286, Co 223, Co 213, and Co. 300 are almost double and for 
the remaining four varieties about two and a half times that of Co 318. But 
the figures now obtained, ' based as these are on a more comprehensive data, 
give a better estimate of the range of variation in accuracy for the varieties 
studied. 

General conclusions 

As has been mentioned already, the present investigation was taken up 
with the object of determining how far the conclusions pertaining to the study 
of Co 318 grown at Lyallpur during 1936-36, reported in part I of the series 
were applicable to other varieties and also whether local conditions and sea- 
sonal variations modified the results to any appreciable extent. 

It has been found that, of the coefficient of variations for the three 
constituents of cane, viz. juice, total solids and sucrose, the highest value has 
been obtained for sucrose and lowest for juice. This holds for all the varie- 
ties except Katha. Further, the range of variation in the values of the co- 
efficient of variabilities is not the same for each variety. Differences in soil 
and climatic conditions may also excercise some injiuence in modifying these 
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values. However, tlie data examined do not show any wide differences in the 
values of the coefficients of variation when the canes are analysed during 
different periods in the season. The range of variation for some of the 
varieties analysod late in the season is as great as in the early season. Even 
for the same variety the coefficient of variability both in the early and in 
the late season may differ with kxtality. For example, the variabilities of 
the value of sucrose for Co 312 at Gurdaspur were found to be 11 •64 and 
5*65 respectively for the percentage of sucrose determined early and late in 
the season. The same variety at Montgomery, however, showed a varia- 
bility of 5 ‘01 in the early season as against 10-31 in the late season. Averag- 
ing out the effects of varieties and localities, we find that, as far as juice and 
sucrose are concerned, the variabilities found in the early season are not 
appreciably different from those in the late season. Confirmation of this 
conclusion has been obtained from the data for sucrose from varietal trials 
in whi(ih each variety was examined tlirice in the season. These r('sults, 
therefore, do not lend support to the view, whicb on theoretical considerations 
may seem to be plausible, that when a sample of sugarcane is to be analysed 
late in the season, one can reduce its size without any loss in accuracy. 

As regards the diminution of error witli increase in the size of the sample, 
it has been found that with a ten-stool sample, the error for the percentage 
of juice becomes as low as was obtained with Co 318. For sucrose, however, 
the errors are about two to two-and-half times as great. If, as recommended 
already, a ten-stool single sample is to be employed for chemical analysis, 
the mean errors attaching to juice, total solids and siu*rose expressed as |ier- 
centages on cane at 5 per cent level of probability will be ±0*72 

and ±0*84 respectively. These figures are evidently higher than those men- 
tioned in tlic previous paj)er of the series, but based as they are on the data 
from eight varieties, these offer a wider range of ai)])lication. Data relating 
to replicated varietal trials and the conclusions reached tlierefrom will be 
presented and discussed in a later contribution. 

Summary 

The investigation reported in this paper was carried out in continuation 
of the work which has already been published as part I of the series. 

Most of the data examined were obtained in connection with the sugar- 
cane survey during the season 1936-37 and the results obtained were derived 
from and are applicable to the chemical analysis of sugarcane grown under 
zemindari conditions. 

The values for the coefficients of variation for various constituents of 
c*.ane discussed in this paper were arrived at from tlie figuies for tlie lowest- 
sized sample by the use of the method which assumes a complete random- 
ness of variation betw^een the analytical values of different constituents in 
the case of the units comprising a five-stool sample. The values for the 
larger-sized samples thus calculated comjiare veiy favourably with those 
obtained from a random combination of original units. In dealing with the 
data from varietal trials, however, w^here a ten-stool sample was used, the 
coefficient of variation for sucrose was calculated directly. 
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The coefficients of variation of different constituents of sugarcane 
whether expressed as pei‘centages on juice or on cane are almost the same. 
Tliis conclusion, which is based upon the examination of a large number of 
cases and hence is more reliable, is at variance with that arrived at previously 
from a consideration of the data which related to only two varieties analysed 
once in the season. 

A high correlation has been found to exist between the coefficients of 
variation for total solids and sucrose, the values for the former being invariably 
smaller than those for the latter. 

Of the coefficients of variation for juice, total solids and sucrose, that for 
sucrose, in the case of all the varieties examined has been found to be the 
highest and for juice the lowest. The case of Katha, however, was an exception. 

The different varieties examined do not follow tlie same order with regard 
to the coefficients of variation of their three constituents, viz. juice, total 
solids and sucrose. 

The coefficient of variation associated witli any definite size of the sample 
does not decrease with advance in season. Therefore, to obtain the same 
degree of accuracj^ late in the season, the size of the sample for cliemi(*al 
analysis cannot be reduced below that which is required early in the season. 

The mean errors attaching to the estimation oi‘ juice, total solids and 
sucrose expressed on cane from a ten-stool sample have been found at the 
5 per cent level of probability to be id* 72 and id- 84 reRpectively 

for the above constituents. These figures are evidently different from those 
for Co 318 mentioned in the previous paper but based as they are on the data 
fi’fmi eight different varieties these offer a wider range of ap])lication, 
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A DISEASE OE PJGEOIS-PEA [CAJANVH CAJA}^ (L.) 
MILLSP ] CAUSED BY DIPLODIA CAJANI 
SPEC. NOV. 

BY 

S. I‘. RAYCHAIJDHUKJ 
Department of Biology, Dacca University 

{R('c<'iv('(l for publication on 11 April 1942) 

(With Plato XXXII and four text* figures) 

D 1SEAS15IJ pigeon-pea [CajamAis cajmi (L.) Mills]).] plants were received 
from tJie Botanical Snb-station, Imjierial Agricultural Research Institute, 
Pusa, in November, 1939. On examination, the collar regions were found to 
be cankered. The cankers were of considerable size and deep seated, and 
were found to girdle the stem, leading ultimately to a collapse and death of 
the affected j)lants. The disease appeared to be different from those so far 
described on this crop from India. 

Nowell [1923] reported three diseases of j)igeon~|)ea in the West Indies, 
wliicli infect roots, collar or lower stem. He stated that stem and collar- 
canker were observed in material from Carriaeou and also referred to the 
existence of a serious stem-canker in Porto Rico, as recorded by Steven- 
son [1926]. 

Leacli and Wright [1930] worked on the collar and stem-canker of (Cajan m 
indicm) pigeon-fiea in Trinidad. 

Recently Dastur [1939] reported that in the Central Provinces in 1938 
veil-grown cotton plants began to die off in large numbers. The stems were 
found to be broken a little above tlie ground level, and the owner of the crop 
attributed the death of the jilants to a breaking of their backs. Dastur 
observed this lireaking of the stem on Phasiolus mvngo and Cajanm indicm 
to be accompanied by similar symptoms. 

The work now presented was undertaken to determine the cause oF the 
disease. 


SViMPTOMS f»P THE DISEASE 

d'he primary vsymptoins of the disease as studied from artificially infected 
plants are thickenings and distortions at the collar region. After 20 to 30 
days, elliptical lesions of various sizes, witli dark edges, are formed at the 
region of distortion. Later on, they are transFormed into large, deep-seated 
cankers (IMate XXXII, lig. 1, h). In a few (*ases the diseased plants recover 
partially by the formation of callus but generally the cankers are found to 
spread and girdle the stem with the result that the plant collapses. 

Very often the stem at the cankered [)ortion presents a twisted ajjpear- 
ance due to an unequal develojiment of the wood. In advanced stages of 
the disease the internal tissues of the stem, a few im*lies above the canker, 
are also discoloured. No discoloration takes place in the root-system. 
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Adventitious roots develop just above the region of the canker (Plate 

XXXII, fig. 1, 6). 

When examined microscopically the infected tissue of the pigeon-pea 
s found to l;e slate-blue in colour as described by Leach and Wright [1930]. 
The mycelium is found to be present in the primary and secondary xylem 
vessels but there is no starch in the diseased tissues. 

Isolation of thf fungus 

Diseased pigeon-pea plants were obtained from Pusa in 1939. From 
five of these the cankered portions were separated. After surface-steriliza- 
tion small bits of the infected tissue were immersed in one per cent silver 
nitrate for a minute, followed by dipping in one per cent sodium chloride. 
These pieces were then placed on potato-dextrose-agar in tubes. In about 
five to seven days fungal growth was observed on tissues taken from four 
oiH of the five plants. All the cultures appeared to be morphologically 
similar. On the tenth day pycnidia appeared in one culture and within 
another 15 days in all the others also. Single-spore cultures were started 
by the dilution plate method. 

A similar disease again appeared on the pigeon-pea at Pusa in 1940. 
The fungus was isolated and appeared to be similar to the one obtained in 
the jirevious year. It was grown on potato-dextrose-agar. The isolates 
from the four diseased plants of 1939 crop were labelled A, (L I) and £, and 
th? one from the 1940 crop as D-47. 

DkTEKMBSATION of FATJIOCJENICITY OF THE FUE(Fl\S 

For inocula-tion experiments, seeds of pigeon- 2 )ea (IPo) were first steri- 
lized by dipping in formalin solution (J : 320) for a minute and then dried 
by spreading them evenly on a sterilized petri-dish, ke])t covered with a 
pi(ce of muslin for two hours. These seeds were sown in sterilized s( il. 

Pigeon-pea plants ol’ different ages were inoculated sejiarately wdth a 
pure culture of is(>latcs A, C. I) and E. Tlie collar region of every seedling 
wa^ cleaned with rlcoliol and then a ])iece of inocuh'm, reivoved from the 
edge of the plate culture, was jilaced upon it after or vNithout wounding. 
A swab of damp and steribzed cotton-wool w as then j)laced over e\ ery in- 
oculated sj)ot and wra])ped w ith another thin piece ( f the same. 

After inoculation every plant w as covered with a glass case, the interior 
of wdiich had been sprayed with w^ater. All inoculated jdants were kept in 
the pot-culture house for three days in order to jirotect them from outside 
injuries. The cotton-w^ool wTa 2 )j)er 8 were removed from the collars after 
two weeks. 

In all, four ino(nilation experiments were carried out wdth a view to 
ascertaining if the cultures w^ere capable of producing the disease. The 
details of these experiments are set out in tabular form. 

As (‘ulture No. I)-47 was obtained as late as January, 1941 (from the 
pigeon-pea crop sown in 1940). it w-as not jiossible to make any inoculations 
with this isolate at the time of the first experiment. 

In the following tables the sigji 4 represents tyjiical symptoms 

associated with a very virulent attack by the pathogen ; 4 -f + typical 
gym|)toms with a fairly strong attack ; ++ typical symj)toms w ith a mild 
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attack ; + ^ little distortion and swelling at the collar region ; and — absence 
of infection. 

Table I shows the results of the first experiment with seedlings 21— Z 
in. high. 

Table I 

Inoculation of pigeon-peas with the fungus isolated from cankered plants 


(Inoculated on 30 January 1040 ; exi)erimont diBconiinutHl after 30 July 1940) 


Inoculum from isolate 

Number of 
seedlings 
inoculut()d 

' 

Treatment 

Typo of infection 

Tin- 

W'ounded | weunded 

1 

Dentil due to canker 

After 

woumilng 

Witlunit 

wounding 

Wounded 

Tin. 

wounded 

A 

10 

5 

5 

■b "}■ 4- 

+ 4- 


1 

C .... 

1 10 

5 

r» 

-f 4- + + 

4+ + 


4 

1) 

10 

5 ! 

6 

+ -i- -f- -b 

+ 

1 0 

i " 

E 

10 

5 

5 

4' 


i 0 

i 

! 0 

Control 

8 

4 

4 

— 

— 

1 0 

! 0 


The plants in the first experiment were under ol)servation for 181 days 
after which the experiment was discontinued. From the results given is 
Table I it is evident that isolate C was the most virulent in so far as all the 
plants inoculated with this isolate exfiibited typical symptoms of canker ; 
ah plants inoculated after wounding, and all but one not wounded died. 
The isolate A was fairly virulent pathogen, producing typical sym])toms 
in all the inoculated jdants and four out of ten died. Those inoculated wuth 
isolate 1.) aft(?r wounding exhibited typical symptoijis of the disease but 
very little sw^olling and ( istortion were observed in plants which w^ere in- 
oculated weithout w ounding. None of the j)lants inoculated w ith this isolate 
died. Isolate E j>roved to be a weak pathogen and only a, little distortion 
and swelling w ei’e produced at the coll ir. All tlie control plants were free 
Irom canker, and only one |)lant showed a small lesion on tlie wounded part, 
perhaps due to the healing effect. 

In the second experiment tw^o isolates, viz. C. and E w^ere chosen to 
inoculate the .‘'eedlings 2^ — 3 in. high. Tlie results are showm in 
Table I. 


Table 11 


Inoculatio7i of pigeon-peas ivith the isolates C and E 


(lnoculn,t(ul on 27 April 1940; experiment discontinned aftca- 9 AugiLst 1940) 




Trejifcment 

1 Type of infod.ioii i 

Death du^ 

e to canker 

Iiuxmlum from isolate 

Niituhorof j 
seedlings 
inoculated j 

After j 
wounding 

Without 

wounding 

Wounded 

Un- 
wound ed 

Wounded 

IJn- 

wounded 

e 

40 

20 

; 20 

-|~ *i* 4* 4* 

-f-H- 

‘ir» ; 

(i 

K 

10 

20 

' 20 

'f 

4- 

0 

0 

Control .... 

40 

20 

20 

— ' 



0 

0 
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The plants in the second experiment were under observation for 135 
days, after which the experiment was discontinued. This experiment also 
proved that the isolate C was a very strong pathogen. The plants inocu- 
lated with this isolate exhibited typical symptoms of the disease. Seventy- 
live per cent of the plants inoculated after wounding died, and 30 per 
cent of those inoculated without wounding collapsed — altogether 21 
plants out of 40 died due to the disease. Plants inoculated with isolate E 
showed a little swelling and distortion at the collar region, but none died. 
The control plants remained quite healthy and normal. 

In the third experiment, 184 plants of two different ages were inoculated. 
The isolates used for inoculation were A and C. The results are given in 
Table III, 


Table III 


Inoivalation of pigeon-peas with isolates A and (J 
(Inoculated oil 23 August 1940 ; expeiimont diBcontinued after 3 December 1940) 


' ' ‘ 

' Treatment | Type of inte< tion Death due to canker 
licijilit ! Ajie 1 Number ' i ; 

of ' ()l of i , i"* ‘ i i 


Inoculum i 
from ; 
isolates { 

j 

ot i 

till’ j 

HcctUiugs j 
(iuchcB) i 

of ; of j 

seedlings | seedlings 
(days) i inoculated 1 After 

1 1 wound- 

' i ing 

1 

Without 

wound- 

ing 

Wounded 

Dn- 

wounded 

Wounded 

1 11- 

wounded 

A . . i 


it— .10 : 

40 i 

20 

20 

-j. ^ 


2 

0 

C . . ■' 


10 

40 ; 

20 

20 

d- } -f 

4-4 

0 

0 

Coiilrul 


0 - ] J 

40 ! 

20 

; 1 

1 20 

j 


0 

(1 

A . . : 

5— (i 

21—22 

22 i 

11 


1 4 

; -i -1 

o 

0 

e , 


1 20— 2 J : 

22 1 

12 

1 " 

-I d 4- 

; 1 

0 

0 

\ 

tJoiitrol . 1 

r)~(i 

20- 22 ' 

10 1 

JO 

i ! 

— 

i 

0 

0 


The plants in the third experiment were under observation for 117 days, 
after which the experiment was discontinued. From Table III it is evident 
that tlie age of the plant makes practically no difference as far as the patho- 
genic activity of the fungus is concerned. Isolates A and C produced typical 
symptoms of the disease irrespective of the age of the host. As before, 
control plants were quite healthy and normal. Only a few plants died due 
to cjanker within the period of 117 days, possibly due to impaired activity 
on the part of the parasite owing to unfavourable weather conditions during 
the period of 23 August 1940 to 3 December 1940. 

In the fourth experiment all the five isolates including D-47 (from diseased 
pigeon -[)ea plant of the 1 940 crop) were used for inoculations. A large number 
of plants were inoculated with I)-47 since this particxilar isolate was not 
used in the previous experiments. Results of the fourth experiment with 
seedlings 2| — 3 inches high are given in Table IV. 
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Tablk IV 

Inoculation of pigeon- peas with isolates A, Cf D, E ami D-47 
(Inoculated on 16 April 1941 ; experiment discontinued on 5 August 1941) 


rnooilum from isoluU; 

Number of 1 
seedlingh 
inoculated 

Treatment 

Type of infectum i 

.. 1 

Ueath due to canker 

After 

W()nudi»»ii 

Witliout 

womiding 

^ 1 

■ ri‘' i 

Wounded j \\(ujikU‘(1 | 

( 1 1 

Uii- 

Wounded wounded 

A 


10 

10 

i 

4 4 1 *1 4 

1 

b 1 1 

c 

•JO 

10 

H) 

4-4 4 1 4+ i 

1 : 

1 1 

1) 

20 

10 

i 

10 

i -1 ' 4 ' 

1 ! 

I 0 

K . . ■ . . . 

20 

1 

10 1 

10 

. j . 

1 j 0 

no 7 . . . . 

80 

■to 

40 

1 

■1 'I- 4- 4' i -I -f 

:b> 1 22 

i 1 

(’ontruJ . . . . 

20 

10 

10 

1 

j 0 i 0 


Table IV shows that isolate C and l)-47 are very virulent. 

It appears from the above experiments that ])laiits which were inoculated 
ii/fter wounding suffered more from the disease tliau those which were inocu- 
lated without wounding, and that an injury at the collar region fiivours t lie 
develojiment of the fungus as w ell as its |>athogenic activity on the host. 

The cankers produced in plants as a result of inoculations w ere identical 
with those occurring in nature and the discoloration of the internal tissues 
in the stem extended to a considerable distance. The fungus was also re- 
isolated from the cankers. 


CnARACTER.S OF THE PATHOOEX 

T\w niy(*elium is septate, at first hyaline, but gradually becomes oli\e- 
green to brown, and ultimately, in mass, it appears l>lack ; its average width 
is 4* 3g with a range of 2- Og to 8* Og. There is abundant aerial mycelium. 

The ])ycnidia are simple, globo.se (Plate XX XM, tig. 2), osteolate, 
immersed at first, later bursting through the e|)idermis, glabrous ; the 
average diameter is 405g wdtli a range of 30]-4()4g. 

(bnidia are borne on short needle-shapecl coni(li()ph(>rcs, a.1 first liyaline, 
later turning from light to dark-brow n ; two-celled (Plate XXXli, lig. 3), 
mostly egg“Sliaped, sometimes ovoid to ellipsoid (Pig. 1), attached to the 
conidiophores w ith the narrower end ; their average size is 25* 1 : P2‘ 7|i with 
a range of 2 1 * 5 — 30 *1x1 0 • 8 — 1 2 • 9g . 

The upper cell of the conidium invariably germinates first. When a 
hanging drop culture was examined under tlie microscope it was found that 
a germ-tube is produced by the upper cell in about five hours (Fig. 2). The 
lower cell germinates after 15 to 20 hours in most cases. The germ-tube 
branches at the base, and sometimes the germ-tube produced by the upper 
cell branches considerably before that ari.sing from the lower cell (Fig. 3). 
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Figs, 1-3. Diplodia ca.jani ii. sp. ( l)'coiiidia, x 550 ; (2) (ItTrniiiation of eonidia, x430 ; 

(3) Same, later stage, x 430 

Temperature relations. The isolates A, 0, I), K and .D-47 were grown 
on plates of potato -dextrose -agar and their tem|)erature curves are shown in 
Fig. 4. • 



Fig, 4. Growth temperature curves of five isolates of Diplodia cajani n. sp. 
showing diamotors of colonies after two weeks 
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The experiment was discontinued after two weeks. No growth was 
observed in any of the isolates at a temperature of 15°C. and below. A and 
E showed marked growth at 20^C. to 25"C., the respecti ve diameters of the 
colonies being 3 mm. and 6 mm. at 2()''C. and 22 mm. and 18 mm. at 25''C. 
Isolates C, D, and D-47 grew at 25‘'C. to 30''C. and their growth was found 
to be 12 mm., 4 mm. and 7 mm. at 25''C. and 46 mm., 51 mm. and 56 mm. 
at 30°C- respectively. In all oases maximum growth was found to take place 
at 30^C. and the growth of the isolate E was found to be 60 mm. 

Above 30®C. the growth fell off rapidly with increasing temperature, 
so that the growth of A, C, D, E and D-47 at 35°C. was found to be 36 mm., 
32 mrn., 39 mm., 26 mm. and 42 mm. repsectively and no growth was 
observed at 40°C. 

An ex|>eriment was performed with a view to find out the influence of 
temperature on sporulation of each of the isolates when grown on different 
media.* The fungus w^as grown on plain agar (two per cent), potato-dextrose- 
agar, oatmeal agar, Dox’s agar and Browm’s Standard Synthetic agar at six 
different temi)eratures, viz. 10°C., 16°C., 20"'C., 25^'C., 30'^C. and 35^'C. and 
the experiment was under observation for 76 days, after wfliich it was dis- 
continued. 

All the isolates show^ed very poor growdh and fruiting bodies Avere not 
formed on plain agar at 1()°0., 15*^0., 20''C., 25'^C., 30°C. and 35''(;. while most 
luxuriant growth acc*.ompanied by the best formation of pycnidia was ob- 
served on potato-dextrose-agar at all the temperatures mentioned abovc^ 
Fair growdh w^as observed on oatmeal agar at lO'^C., whih) at higher tem- 
peratures the growdh w^as very luxuriant. Pycnidia were produced only in 
one tube at KFC. whereas at 20^C. and 25^C. jiycnidia w ere developed in all 
tlie cultures on this medium. On Dox’s agar luxuriant growth was not 
observed in all the cultures at IC^C. but at higher temperatures all tlie isolates 
showed vigorous growth, w’hile pycnidia w^ere regularly jjroduced at 15''0., 
2if’C. (except in isolate E) and 25^0. On Brown's SlandaT’d Synthetic agar, 
grow th appeared to be rather poor at lO'^C. fair grow tli at 15"C. and 35^'C. 
and luxuriant at 2(PC., 25''C, and 30''C. Pycnidia w ere regidarly developed 
only at (except in the culture containing isolate C), and tliey were 

complete^ absent in all the cultures at 10^0., 25'"C. and 35"'C. 

* The following aro tlic compositions of the media employed in Hk' ex 2 )( rinu^nt, tlie 
nuantities given being tbe amounts in one litre i^)f the solution : — 

(1) Plain agar .... Agar 20 gm. 

(2) Potato-dextrose-agar . . Potato 200 gm., dexlrose 20 gm., agar 

20 gm. 

(3) Ofitmeal agar . . . Oatmeal 30 gm., agai’ 20 gm. 

(4) Dox’b agar .... Magnesium sulphate 0 -5 gm., 2 :>otassium 

pho8j)hate 1 •() gm., pot-aBsium clilorido 
0-5 gm., hTrouB sulpliate 0*01 gm. 
(trae('), sodium nifjaie 2 gm., cane 
sugar 30 grn., hactu agar 15 gm. 

(5) Brown’s Standard Synthetic 

agar ..... (llncose 2*0 gm., as])ai'agin 2*0 gm., 

MgS 04 0*75 gm., K^PO^ 1*24 gm., 
agar 15 gm. 
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Ariotlier experiment was performed with a view to detennining the effect 
of different temperatures on pycnidial development on sterilized host tissues. 
The inoculated host tissues were subjected to three different temperatures, 
viz. 10®C., 20'^C. and 30°C. and the experiment was under observation for 
78 days, after which it was discontinued. 

At lO^^C. A and C exhibited very poor growth, I) and E grew fairly well, 
wliile D-47 did not grow at all; pycnidia were produced only by I) and E at 
this temperature. 

At 20'’C. luxuriant growtli was observed in the case of A, 1), E and J)-47 
while C exhibited fair growth. Pycnidia were produced in all the cultures at 
this temperature. 

At 30^C. all the cultures exJiibited luxuriant growth accompanied by 
regular development of pycnidia. 

Discussion 

The fungus isolated from cankered pigeon-peas is a typical Diplodia 
capable of causing the disease under reference. Apart from the report of 
un-named species of Diplodia found by Leach and Wright [1030], the only 
other record of this genus on Cajanm cajmi known to the author is that of‘ 
Diplodia cacaoicola P. Heim, by Stevenson [1926]. Tlie origin of this record 
is not known to the author, but it appears to be based on a concej)tion oi‘ < liis 
species wide enough to include Lasiodiplodia, Botryodiplodla and (diactodi- 
plodia. (fe’iftin and Moublanc had previously considered />. cacaoicola to 
be a Lasiodi plodia, which they called L. Thcohromac (Syii., Bolri/odijflodia 
Theobrornne Pat., Macrophoma vestita Prill, et Deb. Diplodki cacaoicola 
P. Henn., and Lasiodiplodia niqra App. ct Land)ert). Tliis inversion of 
genera is a clear indication of our pool* understanding of morphological 
criteria in Diplodia and its related genera, and forces onc^ back to the vvidel}' 
accepted practice of naming s|)ecies on a basis of host relationshij), cou})lefl 
where possible with morphological criteria. It seems tha.t the identity of 
tlie fungus on Cajanm cajan recorded by Stevenson was not l)a.sed tm the 
experimental study of the pathogen of the type of Diplodia cacaoicola, but 
on morphological criteria only. 

Diplodia dalbergiae Died, was described by Sydow and Butler [1916] on 
Dalberyia sisso from Pulliyanur, Travancore, India. This member of the Legu- 
minosae belongs to a tribe adjacent to that to which Cajanm cajan belongs, 
but apart from patliogeiiic -considerations, the (kijanm fungus also differs 
from Diplodia dalbergiae also in having sim|)le and not chambered pycnidia. 

On the basis of a study of its pathogenicity and morphological characters, 
it is proposed to create a new' speiecs for tlie Diplodia causing canker on 
Cajanm cajan, and to name it Diplodia cajani. 

Diplodia cajani spec. nov. 

Pycnidia simple, globose, at first immersed, later erumpent, ostiolate, 
405 (301-464)p ; conidiophores needle-shaped ; conidia at first continuous 
and hyaline, later one-septate and dark, upper cell rounded, lower cell taper- 
ing, 25*1 ><12-7 (21*5-30'1 xlO*8-12*9)iJi. 

Habitat. In living and dead stems of Cajanm cajan (L.) Millsp., Pusa, 
Bihar (October, 1939). Type in Herb. Crypt. Ind. Orient.; evdtures in Type 
Culture Collection, lin])erial Agricultural Research Institute, New^ Delhi. 
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Latin diagnosis 

Pycnidiis uniloculatis, globosis. ])ii!no iniinersiH, deinde erumpentibus, 
ostiolatiB, 405 (301”4t>4)|jL ; conidioplioris acicii]aril)us ; sporu]is priiLO conti* 
nuiB hyalinisque, deinde uiiisepi at is snseisque, cellula siiperiore rotundata, 
inferiore acuta, 25*1x12.7 (21 • 5 30* 1 x 10* 8-12* 

Habitat, In raniis vivis et einoriuis Cajani cajan (L,) Millsp., Pusa, 
Bihar (October, 1939). Typus in Herb. Crypt. IikP Orient.; eultura in 
Collectione Oiilturanini Tvpicaruni, Imperial Agricnltiiral Research Institute, 
Nen Delhi. 

Novell [19:31 ^epc rted stem and collar-canker of pigeon -|)ea. He 
found an ascoinycete to he uniformly yu'esent in the diseased material. The 
fungus consisted of dark hypliae which gave a slaty a])pearance to the wood ; 
a black stroma was produced throughout tlie bark with long naked perithecia 
which were } rodiued in dense clusters and more or less united at the base. 
\^’hite tendrils of unicellular spo:es were ejected both from these and from 
adjacent pycnidia, the former being coffin-shaped, the latter oval or oblong. 
The perfect stage of the fungus was never ob>tained during the present study. 
Nowell reported tliat infection experiments were carried out in dry weather, 
and the results obtained were negative but in the })resent work all the foui* 
inoculaticn experiments ju'oved to be successful and tlie pathogenicity of the 
fungus has been definitely established. 

Leach and Wright [1939) isolated the following fungi from the cankered 
pigeon-pea ])lants 

(1) An Ascomycete with two pycnidial stuges of Phorna and Macnh 

phorna types 

(2) A Cephalosporium 

(3) Two species of Fvsartfrnf 

(4) Two species of liiplodia 

(5) Myxosporium 

They found tliat the Ascomycete and one 8pecie.s of Dlplodia were capable 
of producing infection. They inoculated pigeon-pea plants with the As- 
comycete and a species of Diplodia and both were found to be capable of 
producing the infection. They inoculated pigeon-pea plants w ith the As- 
comycete and Liplodia sp. at the stem, branch and collar regions, and found 
that the attack w as most virulent at the collar region The Ascomycete w^as 
capable of producing the infection in all the three regions, whereas the Diplodia 
sp. produced infection only at the collar reg on. It is very surprising to note 
that although the Diplodia sp. was ir.ore virulent at the collar region than 
the Ascomycete, and the number of plants cankered w ere more in the case ol 
those inoculated with Diplodia sp. at the collar region, they write, the causal 
parasite of the disease, therefore, is an Ascomycete and it seems to be most 
virulent at the collar region. They state that the Ascomycete is a member 
of the genus Physalospora. 

Dastur [1939], w hile w orking on the ‘ stem breaking ' of cotton, isolated 
Fusarium spp., Bkizoetonia bataticola and ColletotrUdm^^^^ sp. from the broken 
parts of the stem. He found these fungi to be confined only to the dead 
tissues, and no hypliae were found in the living tissues. The bending ami 
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breaking of the stem was considered to be due to high winds. He observed 
a similar disease on pigeon -peas. It is clear that the disease is distinct from 
the type of injury described by Dastur. 

The four inoculation experiments definitely proved that although the 
fungus was capable of producing infection on the unwounded plants, an 
injury, in all the cases, enhanced the pathogenic activity of the fungus to a 
great extent. 

While studying the cultural characteristics of the new fungus Diplodia 
cajani on various media, it was found that potato-dextrose-agar, oatmeal- 
agar, Dox’s agar. Brown’s Standard Synthetic agar and sterilized host tissue 
produced pycnidia in great abundance. The fungus, however, exhibited 
very poor growth on plain agar (two per cent) with the result that pycnidia 
were not produced. 

Temperature relations of Diplodia cajani were determined by growing 
the fungus on plates of potato-dextrose-agar for a period of two weeks. At 
30°C. the colonies reached maximum diameter, and this was found to be 
GO mm. in the case of isolate E (Fig. 4). Next in order were A and D-47 
which exhibited the colonies of same diameter measuring 50 mm.; while the 
colonies reached a diameter of 51 mm. and 46 mm. in the case of D and C 
respectively. 

The growth fell off rapidly with increase of temperature, and at 35^0. 
the colonies showed a diameter of 26 mm., 36 mm., 42 mrn., 39 mm., and 
32 mm. in the case of E, A, D-47, D and C respectively, and the growth was 
altogether stopped at 40°C. 

Below 30°C. the growth decreased rapidly with a decrease in tempera- 
ture, and at 25'^C. only 18 mm., 22 mm., 7 mm., 4 mm. and 12 mm. occurred 
in the case of E, A, D-47, D and C respectively. The growth of D-47, D and 
C stopped at a temperature of 20'^C. while the isolates E and A showed no 
growth at 15‘^C. 

Hence, it appears that the optimum temperature for the growth of the 
organism on potato-dextrose-agar was about 30°C. while the minimum and 
maximum lie somewhere below 2()°C. and above 35°C. respectively. 

Further, it was observed that of the various media tested potato-dex- 
trose-agar appeared to be most suitable for the fungus, since very luxuriant 
growth accompanied by the production of pycnidia was found on this medium 
in all the temperatures ranging from 10°C. to 35*^C. It was also found that 
the optimum temperature for the sporulation of the organism on the various 
media was 20°C. 

The fungus was also grown on sterilized host tissues, and it was found 
that all the isolates grew vigorously and produced pycnidia in abundance 
at 20°C. and 30°C. 

Leach and Wright [1930] stated that cankers, though they may be formed 
on apparently sound tissue, arise most commonly at points of injury caused 
by lioeing operations, breakages, and insects. Hence, they suggested that 
injuries at the collar regions caused during cultural operations and careless 
hoeing should always be avoided. The disease assumes its most serious 
aspect in this region, and care should be taken during hoeing operations. 
During the course of inoculation experiments it was found that the pigeon- 
pea plants which were injured at the collar region suffered the most vindent 
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attack of the pathogen, and hence it appears that damage due to the disease 
could be minimized to a great extent if necessary j)recautions are taken to 
avoid injuries at the collar region. 

Summary 

Thickening and distortion at the c.ollar region are the primary vsymp- 
toms of the canker disease of pigeon-pea {Cajan us cajan). Later on lesions 
are formed at this region whicli are ultimately transformed into large deep- 
seated cankers. Very often adventitious roots develop in the neighbourhood 
of the cankered region. 

Diseased pigeon-pea plants of the 19110 and 1940 crops vvere obtained 
from Pusa. The fungus isolated was in all cases a species of Dijdodia. 

Healtliy pigeon-pea plants of different ages were inoculated with 
pure cultures of Dvplodia at the collar region after wounding and without 
it. Several isolates produced typical canker and caused death of the in- 
oculated plants. 

The fungus was grown on plates of potato-dextrose-agar for a period 
of two M^eeks and the temperature relations were determined. No growth 
was observed at 15°C. or below^ it, and maximum growth took place at 
3()°C. above which it fell off rapidly with increasing temperature, and no 
growth was observed at 4()'^C. 

It was found that potato-dextrose-agar wixs the most suitable medium 
for growth and sporulation of the fungus at all temj)erature8 between 10*^0. 
and 35'D. After a {)eriod of 70 days it was found that 2(LC. was the optimum 
temperature for tlu' sporulation of the fungus on the various media tested. 

The fungus was also grown on sterilized host tissue at different tempera- 
tures, and after a period of 78 days it was found that 20®C. to was the 

optimum temperature for growth and s|)orulation of the fungus. 

Since the characteristics of this fungus did not agree with any known 
species of Di'plodia, a new species has been created and named Diplodia 
cajani. 

It was found that the attack of the pathogen was very virulent 
when the collar region was wounded before inoculation ; hence it appears 
that damage due to tlie disease can be minimized to a great extent if injuries 
the collar regions are avoided. 
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I N Part I [Srivastava, Chaturvedi and Rao, 1940], attention was drawn to 
the large quantities of press-mud, cane trash and bagasse available in 
sugar factories which are not being utilized at present. Experiments were, 
therefore, started to determine the best method of composting these materials 
with a view to using them in the cane fields. Composts were ])repared 
by the usual methods developed at Indore, i.e. by aerobic fermentation and 
also by act ated compost process as recommended by Fowler. The resulting 
manure was qauite satisfactory, but the process employed was too costly 
since periodical turning had to be given which required a lot of labour. There 
was alvso ernsiderable loss of nitrogen varying from 20 to 50 per cent and of 
dry matter from 40 to 00 per cent depending on the initial composition of the 
head. Though these losses were not abnormal when the nature of the process 
\vas taken into consideration, it was very desirable to reduce these, if possible. 

Acharya and co-workers [1939] have claimed very good revsults for methods 
of composting by what they term hot fermentation, so far as conservation of 
nitrogen and dry matter is concerned. By this method, the material is 
su bjected first for a short period to aerobic and then to anaerobic fermentation 
until the compost is ready. Experiments have now been carried out on the 
composting of the waste products of the sugar factory by hot fermeniation 
and the results have been very encouraging. 

Experimental 

Method of composting. For tlie preparation of the heaps, air-dried press- 
mud (moisture per cent 5 ' 8), cane trash cut into lengths of two to three inches 
(moisture per cent 7*0) and air-dried bagasse (moisture per cent 4*2) were 
mixed in suitable proportions and well turned with a thin slurry of cowdung 
and molasses. The proportions used were such that nitrogen per cent of the 
heap was in the neighbourhood of 1*0 and C: N ratio, 30: 1, for w-hich 
purpose a 3 : 1 ratio of press-mud to bagasse or cane trash was most satis- 
factory. On the w eight of the heap which was 600 lb., molasses and cowdung 
used w^ere 2 per cent each (except in experiments 1 A and IB w^hen the quanti- 
ty w^as 3*3 per cent). 
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No turning w as given to any heap, but care was taken to see that the 
heaps remained moist by sprinkling water whenever necessary. Composts 
were taken to be ready when the heaps had developed a cmmbled pow derj’ 
structure and a greyish -black appearance. 

Group /. Experiments 1 — 3. The heaps wore placed in trenches 6 ft. 
X 4 ft. X 3 ft. loosely packed so that aerobic fermentation could proceed. 
After exposure for seven to eight days, the heaps w ere covered w ith mud paste 
thus stopping aeration. Only anaerobic fermentation w as tlien possible and 
this continuecl until the composts were ready. 

Group 11. Experiments 4- -0. The hea])R w ore placed in trenches and 
subjected to aerobic fermentation for about a week as in the previous case. 
The heaps were fairly closely packed later so that fei mentation was prac* 
tically anaerobic. 

Group III . Experiments 7 — 9. Heaps were prepared on the ground 
and not in trenches. Otherwise, the procedure was the same as in gToup ] . 

Group IV. Experiments 10 — 12. Heaps were prepared on the ground 
and the procedure was as in group IT. 

Only sulphitation press-mud was used in all these ex])eriments. Press-mud 
of carbonatation factories contains only 7 per cent organic; matter expressed 
as C and 0 *0 per cent N on a dry basis. Attempts w ere made to prepare com- 
j)ost8 from this material also by aerobic ferivientation, hut these did not 
prove satisfactory on account of the large amount of inorganic matter present. 
The small perc^^entage of nitrogen — it is less tluin half that in sulphitation 
])re8s-mud — ])recludes tJie addition of large cpiantities of oiganic matter in 
order to make up the deficiency, 

Tabi.e I 
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Results 

From the results recorded in Table I, it can be readily seen that in all 
these experiments, loss of nitrogen and dry matter is much less than in those 
where composting is done only by aerobic fermentation. The average nitro- 
gen content of the composts is also fairly satisfactory, being about 1‘2 per 
cent. The period of composting is longer, but this is of no consequence 
since there is sufficient interval between the crushing season and the, next 
planting. Complete stoppage of aeration after the initial rise of temperature 
is most beneficial for conserving nitrogen and dry matter, as in groups I and 
III. Placing the heaps in trenches is better than when composting is done on 
the ground. 

Of these four methods, group I gives the best results and even this should 
not be very expensive. Any pit already available could be used in the factories 
and even otherwise, the expense of digging the pits would have to be incurred 
only once and there would be no recurring expenses, no turning being required 
at any time during the formation of the compost. These pits could be used 
over and over again during a number of years. The saving in loss of nitrogen 
and of dry matter would more than repay the initial cost of making these 
trenches. 
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Introduction 

B RUCHIDAE oontains more than a 100 injurious .species which occur in 
different parts of t he world. Chittendon [1912], Gannan [1917], Back 
[1930] and Brid well and Bottimer [1933] have described seven species which 
are destructive to beans and jieas in the United States of America. Brid^^ell 
[1918, 1920] has listed 11 injurious .species from the Hawaii Islands ; two 
of which were collected from imported seed. Skaif [1918, 1926] mentioned 
12 species destructive to various leguminous seeds in South Africa. 
Wilson [1931] has found 12 species in Great Britain associated with seeds 
of garden plants. Zacher [1931, 1936] con.siders seven Bruchid species to be 
pests of .stored products in Germany. Bonder [1936] has recorded 60 des- 
tructive species from Brazil. Bekman [1929] has mentioned II injurious 
species which he collected from imported seed in Russia. Ghosh [1937] 
has named four species to be harmful to various pulses in Bimma. In India 
the following 11 injurious Bruchids have so far been recorded [Lefroy, 
1909; Fletcher, 1916, 1917, 1923; Kunhi Kannan, 1912; Kasergod, 1919 ; 
Fletcher and Ghosh, 1919 ; Champion, 1919] : Bruchus quadrimaculatus 
Fab., Bruchus affinis Froel, Bruchus phaseoli Gyl., Bruchus caeruleus Champ., 
Bruchus maculipyga Champ., Bruchus theobromae, Bruchus pisorum. Linn., 
Bruchus emarginatus All., Bruchus analis Fab., Bruchus c/n'weasis Linn, and 
Pachymerus gonagra Fab. In the Punjab, we have .so far collected only 
the three last-named species. Some of these Bruchids confer serious injuries 

*1. Observations on the reactions of the Donnestid heeih', Trogoderma khapra Arr., 
to liglit. Indian J. Ent. 1, 67 — 63 (1939) 

•[Road at the 28th st^anion of the Indian Science C'ongress held at 15enar(^«, Jamiaiy 

1941 
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on pulses and gram in storage. According to Fletcher and Ghosh [1919], 
generation after generation of Bruchva cMnesis L. occur in the seed until there 
is hardly anything left of them. Butin spite of their destructiveness and wide 
distribution practically nothing is known afcout them in India, and especially 
soil! the Punjab. Because of their importance, studies on the l)iology of 
Bruchus amlis F. and Brmhvs cMntmis L. were taken up and the results 
are presented in this paper. 

Bruchva analis F. 

Distribtition. B. analis F. has a limited distribution : so far it has been 
recorded from Germany, Rhodesia. Burma and India only. In India it has 
been collected from cow jieas and dried pulses in Mysore by Kunhi Kannan and 
Fletcher [1919, 1923] and from Ajnala, Banga. Gurdaspur, Gurgaon, Jhang, 
Jullundur. Karnal, Lahore, Lyallpur, Multan, Palampur, Panipat, Raiwind. 
Rohtak, Shergarh , and Sheikhupura in the Punjab by us. 

Food. It feeds on a fairly wide variety of stored grains. Ghosh [1937] 
collected it' from the following : — nioong (Phaseolus mungo), lobia {Phaseolns 
calcaratns), mash {Phaseolns radiaivs), moth {Phaseolns aconitifolins), 
{Pisnm sativum), cowpeas {Vigna catjang), pigeon-peas {Cajanvs cajan 
{indicus)], large white beans {Dolichos lablab), gram {(■ice.r arietinum), soy- 
bean {Oh/cine hisjnda) and sword bean {Canavalia ensiformis). In the Punjab 
it is a major jiest of rnoorig, mash, moth, peas and lobia. 

Life-history 

■ Copulation. (Population takes place immediately after emergejice from 
the pupa*. Before the intimate connection is established the pair indulges 
in horse-play ; the female runs away from the amorous male wdiich, on 
persisting in its chase, receives a vigorous kick from its stouter spouse. 
Undaunted, the male resumes the chase again and after experiencing some 
more rebuffs ultimately succeeds in getting on to the back of the female 
and mating. During mating male stands in an upright position by supporting 
itself on its hinder pair of legs and the last abdominal segments which are 
modified for the purpose. After mating the female throws off the male to the 
ground where it lies on its back, the female in the meantime pulling out the 
aedagus gradually with its own hinder pair of legs. According to Ghosh 
[1937] copulation lasts for five to nine minutes ; w e, however, found it to last 
from 2-75 minutes to 17 ’5 minutes. 

Oviposition. Females began to lay eggs singly or several of them together 
on the same grain any time within 72 hours of mating. Oviposition period 
varied from two to six, and four to twelve days during May to September 
and December respectively, depending upon tem])eraturo (Table J). A single 
female laid 11 to 150 eggs at the rate 1 to 82 eggs per day. The highest 
number of eggs were laid in August (an average of 95 eggs per female) and 
least in July and December (an average of 62 ’O and 64 '3 eggs per female res- 
j)ectively). Table I gives the oviposition period and the total number 
of eggs laid by a female in her life-time and daily for each month from Marcli 
to December, 



VJj 


STOKKl.) UllAlN I’KSTS IN THE I’UNJAIJ, 11 Sail 


Table I 


Ovijnmtion record of Bruclius analis Fab. 


Moiitli 

Nmubor 

(*r 

OI>H(.*rva- 

tions 

'I’otul Tivimber of eggs ! Number ot 
laj(i j (liiily 

laid J Ovipositiou period ia 

1 days 

ini* 

mum 

Maxi- 

mum 

' 1 

A\rr- j AJiui- 
iige j mum 

: Maxi- ! 
i mum 1 

: i 

Aver- 

age 

Mini- 

mum 

Alaxi- 

mum 

' 

Aver- 

age 

Murt li to AjiriJ 

M ! 

U 

1 h) 

87-0 1 4 

■ 1 

40 1 

) 4*4 


9 

tbO 

Mny 

21 1 

5 t» 

1 IS 

81 b 0 1 

5 () 1 

24*8 

2 

0 

;i -75 

J Ullf 

.H 1 

.'>0 

mi 

8 :M» ; 1 

; 82 1 

211 ' li 

;{ 

5 

d -40 

.Inly 

»r> ; 

1 1 

DD 

02-0 : 2 

72 ! 

18-0 

2 

5 

:i' 4 o 

August 

1 " 1 

55 

150 

95-0 2 

■ 08 i 

2 : 1 * T 

;i 

0 

4-0 

Scptonibid' 

i;{ : 

(VA 

! 105 

75-0 i 2 

05 i 

21 • 0 

d 

5 

4-1 

October 

ID 1 


11 H 

91-2 1 

i 50 ; 

15-7 

d 

8 

5*8 

XovemiKT 

ID 1 

(U 

115 

8801 i ;{ 

41 1 

1 0-0 

! 0 

' 8 

0*8 

]>e(Tiubor 

ID j 

5 D 

85 

(U-:i 1 1 

; i 

8 • .5 

1 ' 

12 

7 * 5 


louring May to 8epteiiiber a female died immediately, but during April 
and October to December she lived for two to live days, after laying its last 


if era, 
r>?ri 

Halchin^^ Duration of tfie egg-stage varied w it h t lie season : eggs laid in 
May to August liatehed in three to six days, those laid in April, Septeiiiber 
iind Oetoher in four to eight days while those laid in Novejuber and December 
took 8 to 18 and 18 days res}>e(‘tively to liatch (Table 11). On hatcdiing, 
t he larva l)orcd directly into the grain l)y cutting out a hole in that side of the 
egg-shell which w^as in conta-ct with the grain. tTass produced by the larva 
in making its bore accinnulated in the empty egg-shell which lemained sticking 
to the o-rain after hatching. 

o o 


1’able II 


Dnrotion of the ((jg-xkiyc of llrucl)us analis Fiih. 



! 

Du rat ion 

)f ('gg-stag*' (in (lays) 


iVloiltll 

Niunbei* of 


i 

'■ ■ - 

Kemarks 


ohiserva - 

Minimum 

Ma.ximnm ■ 

A vtvragc 



(ions 


1 



March to April 

1227 

4 

1 

s 

b - 3 


May 

1 S6‘» 

8 

r> ; 

4 (1 


J lint' 

'1188 

3 

4 i 

3-7 


J iif\' 

i 928 ' 

3 

r» ■ 

3 -7 


.\ 11 gust 

I()I7 

3 

6 ; 

1 -2 


Sept cm bo 1 ' 

1870 

1 4 

7 

r> -3 1 

i 

October 

912 

1 6 

8 ! 

6 C) I 


November 

800 

6 

13 1 

6 '5 1 


December 

! 386 

1 

1 

! 


! 

1 

i 

i 

18*0 1 

I 

Only two obscj'va* 
tions ; (‘gg8 hatclu'd 
simultancoUHly 


Viability of eggs. Viability of eggs is presented graphically in Fig. 1. It w as 
at its highest in May and loAvest in August and during the active ijeriod (April 
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Fig. 1. Viability of oggs of Bruchm analis F. in difforont months 


Larval stage. The entire larval stage was passed inside a grain. When 
full-fed, the larva migrated towards the periphery and came to lie next to the 
seed coat wdiere it pupated. Duration of the larval stage during diflerent 
months is given in Table 111. 


Table III 


Duration of the larval stage of B. analis Fab. 



Numbor of 

Larval stage in 

days 

Month 

obsorva- 


1 



tions 

Mininiinn 

Maxiirivmi 

Averages 

April 

343 

12 

1 

25 ‘ 

17-4 

May 

824 

9 

31 1 

13 4 

.] un(‘ 

005 

1) 

24 

13-4 

J uly 

391 

9 

20 

13 '7 

August ’ 

209 

8 

21 

12-5 

Soptoinber 

432 

9 

30 

15-7 

Oetobor 

321 

11 

27 

17 -9 

Novoiiibor 

307 

16 

31 

23 0 

Dcx'oraber 

108 

20 

43 

36 -4 
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It will be observed from Table III that the duration of the larval stage 
is the shortest during June to September and longest in December. The pest 
passed the winter as hibernating larvae and it was observed that aU those 
larvae which hatched on and after the middle of November entered into 
hibernation. A few typical cases of the duration of the over -wintered 
larvae are presented in Table IV. 


Table IV 

Life of the over-wintered larvae 


i 


Life of the over- 

Date of liatching 1 

i Date of pupation 

wintered larvae 


1 

(in days) 

21 October 1940 

^ 22 March 1941 

152 

28 October 1940 

22 March 1941 

145 

11 November 1940 

' 23 March 1941 

112 

14 November 1940 

; 22 March 1941 

129 

21 November 1940 

15 March 1941 

103 

3 December 1940 

7 March 1941 

i 

96 


Pupal stage. Pupal stage, like the hwval stage, was also passed inside the 
grain. Duration of the jmpal stage in different months of tlio year is given in 
Table V. 


Table V 


Duration of the pupal stage of B. analis F. 


Month 

No. of 
obst'i’va- 
tions 

Duration ( 

Miniinum 

jf pupal st;i, 

Maxiinuni 

' ^ (ill days) 

Av(>rag(' 

Marcdi 

114 

S 

23 

15 -6 

iVpril 

293 

5 ! 

14 

7 -3 

May 

523 

6 

14 

8-3 

June 

392 

6 

13 

8-2 

July 

281 

■ 5 

14 

8-4 

August 

165 

5 

11 

7 -5 

vSoptemher 

186 

6 

13 

7-4 

October 

172 

7 

15 

10 '5 

November 

196 

12 

23 

18 -9 

December 

119 

14 

36 

22-3 


It will be observed from the above table that the pupal stage is completed, 
on an average, in about 7*5 days during August to September and in 22 '3 
days during December. 

Longevity of adults. The female adults, on an average, lived for 4*8 days 
during May to July and 16 * 1 days in December. The males lived longer than 
the females, i.e. for 6 to 20 *4 days. 
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Table VI 

Longemty of males and females in different months 


Muiitli 

Longevity of feiiwlti adults 
(in days) 

Nuiiilxu' ; 

Longevity of male adults 
(ill days) 

- 

0 f Obser- 
vations Miiiiiuuiu 

Maximum 

Average' 

Minimum 

Maximum 

Average 

vVpril 

H j> 

11 

8*0 

b 

Vi\ 

IV t 

May 

lb a 

7 

4*8 

5 

8 

0-2 

June 

17 a 

7 

4- 8 

a 

11 

b'O 

July 

15 :i 

7 

4*8 

5 

It 

I). 8 

August 

10 

7 

iV :? 


K) 

7.7 

Septembor 

la ; 4 

7 

r)-7 , 

7 

10 


October 

to r> 

1 1 

7-4 1 

!> 

14 

11 *0 

November 

10 7 

12 

11 - n i 

12 

12 

12 • 0 

I>ecomb(;r 

10 r> 

22 

Hi- 1 1 

11 


20*4 


Seasonal history and iiumber of generations. The females appeared in 
March when they laid eggs; the earliest date on which the adults emerged 
was March 6. The annual calendar of activities of the pest is given below : 

March . . . , , Act ivity of the pest begins 

April to August . . . All stages of tin ' pest pi'escnt. Damage by it at its 

niaxiiiiuni 

September .... All stages present but its cel ivity shows distinet decline 

October .... All stag(^K present, activity greatly reduced, some of th<^ 

larva^ which batch out in tlu' last w<‘ek (‘ider 
hib(‘rnation 

Nov(‘mbei’ .... All stages pres('nt, activity v(‘ry much reduced, ail 

iarvtc hatching on Novfunla'r 15 and after enter 
hibernation 

Decembei- .... All stage's ]jres('nt, activity at lowest (^bb, (‘ggs do no 

hatch 

January to February . . Hib(‘rmiting larva; only })reseni, mdivity nil 



> — , , 1 I I'll I 1 ( I 

^PfOl fiAY. Jvm. JULY. AUG. SB AT OCt NOV. OtC. JAN. A £3. MAN. AAMn 


Fig. 2. Number of generations of anaJis F. 
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During March to December the ])est passed through nine to ten over- 
lapping generations (Fig. 2). 

Sex ratio in different generatiofis. Sex ratio varied in diflei ent generations 
and at different times of the year. In the first, second, third, fourth, ninth 
and tenth generations (i.e. during April to July, November to March) females 
predominated and in the fifth and sixth generations (i.e. from July to Septem- 
ber) males predominated but in the seventh and eighth generations (Septemi- 
her to October) the female and male ])opulati()n was at par. 

The sex ratio of J5. analis Fab. in different generations is given in Table 

VII. 


Table VII 


Sex ratio of B. analis Fah. in different (/eneratioris 



1 

Total I 
numbor ; 

NnmlxT 


Sox ratio 

No. of ^>onoratioJKs 

of 

inBCots 

eoiintod 

of 

TlUlloH 

of 

fi'ivjalos 

i 

j 

L 

F<*inalo 

I 


150 

i 213 

i 41 -3 

; 58 *7 

11 

i 814 ^ 

321 

i 103 

; 39 *4 

90 ■(» 

in 

1 ' 

1 3(> 

217 

: 38 4) 

' 91 -5 

IV 


150 

i 174 

: 47 -7 

1 52 -3 

V 

i 180 

107 

79 

57 ‘5 

: 42 -5 

VI 

i 

1 

i 44 

30 

59 -4 

40 -9 

VII 

; 280 

i 140 

! 140 

50 •() 

50-0 

VTII 

552 

275 

I 277 

: 49 -S 

50 ‘2 

IX 

137 

58 

79 

42-3 

i 57 -7 

X 

237 

103 

i 134 

43 1 

59 -9 


Development hi various leguminous seeds. Development ol tlie j)est was 
studied in the following 1 1 leguminous seeds : — nioong (Phaseolus mungo), 
moth (Phaseolus aconitifolius), gram [both desi i\m\ kabnli ((7ircr 
peas (Pisurn sativum), lobia (Phaseolus calcaraius), mash (Phaseolus radiatns), 
arhar [Cajanus cajan (indicus)], lentil (Lens esculenta), sem (Dolichos lablah) 
and guara (Cyamopsis psoralimdes). It failed to breed on sem and guara. On 
lentil, out of 100 eggs laid and hatched, only one larva was able to attain the 
adult stage. The shortest duration of the larval and pupal stages was 
observed on ■ lobia, arhar, moth, habuli gram and moong ; and longest 
on mash. Lobia appeared to be its most favoured food, Ghosh [1937] 
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observed that cowpeas were liked most by this insect since the duration of 
its life-cycle was shorter on it as compared to that on Cajanus cajan {indicm), 
Dolichos and Phaseolm mungo. 

Table VIII 


Comparative rate of development and percentages of larvae and pupae completing 
their growth successfully on different seeds 



Duration of combined larval 



and pupal stages (in days) 

Pf3rcentages of larvas 

Food 




and pupse completing 





the stage successfully 


Minimum 

Maximum 

Average 


Moong 

17 

45 

27 -6 

72 1 

Mash 

19 

59 

41 -6 

76*1 

Moth 

17 

34 

26*7 

70 d 

Kabtili gram 

1 18 

45 

25-8 

73-3 

Desi gram 

1 30 

44 

36 -9 

10-9 

peas 

I 20 

44 

32 1 

54-6 

Lobia 

1 

45 

22 -8 

87-8 

Arhar 

1 17 

i 

33 

24 1 

65*7 


Nature and extent of damage. On hatching, the larvae bored into the 
seed and by the time they completed their development, they consumed 
the entire contents of the grain, leaving only the outer shell behind : the 
adults escaped by cutting out a circular hole in this shell. As generation 
after generation was passed in quick succession during the active season, and 
as only one larva was found in a single grain, the entire quantity of stored 
grains was found to be reduced to a mass of hollowed-out seeds each with a 
circular hole at one end. When grain was stored in air-tight receptacles, a 
foul smelling fungus also developed on the seeds. 

Brucrvs obisssbis Linn 

Distribution. B. chinensis L. is of world-wide distribution. It is reported 
from the United States of America, Mauritius, Hawaii, England, Germany, 
Porto Rico, Rhodesia, Santo-Domingo, Formosa, Africa, China, Philippine, 
Japan, Java, Ceylon, Burma and India. In the Punjab, we have collected 
it from Panipat, Multan, Karnal, Gurgaon, Jhang, Palampur, Banga and 
Ly allpur. 

Food. In the Punjab it has been found damaging gram {Cicer arietinum), 
moong {Phaseolus mungo), moth {Phasecdu^ aconitifolius), mash {Phaseolus 
radiatus), lobia {Phaseolus calcaratus), peas (Pisum sativum), cowpeas {figna 
catjang), lentil (Lens esculenta) and arhtr [Cajanus cajan (indicus)). Elsewhere 
it has also been recorded doing damage to chicken pea, aem (Dolichos lablab), 
Dolichos biflorus, soy bean (Glycine hispida), chickling vetch (Lathyrus sativus), 
Vida f aba, Arachis hypogaea, cotton bolls, cotton seeds, sorghum, millet and 
maize, 
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Copulation. Copulation takes place immediately alter emergence, the 
pairs remaining in coitus for 4 - 8 to 10 minutes. 

Oviposition. Females started laying eggs next day after copulation, 
their mode of oviposition being identical with that of B. analis F. Usually 
more than one egg were laid on a single grain of gram and, unlike B. analis, 
two or three larvaj were found to develop in their individual chambers in 
the same grain. A single female laid 34 to 1 ] 3 eggs at the rate of 1 to 37 eggs 
per day. Tlie highest number of eggs weie laid in May and October and 
least in April, June, July and December, 'ralde IX gives oviposition record 
of this pest. 

Table IX 


Oviposition record of B. ebinensis L. 


Month 

Number 
ol’ Obaer- 
vationa 

' 1 

Total number of eggH laiil 

j No* of eggs laid 

daily 

Minimum 

Maximum ! 

i 

Avi.Tage 

Minimum 

Maximum 

Average 

April 


16 

34 

86 : 

55 • 2 

1 

9 

6-0 

May 


17 1 

66 

111 

1 90-4 

1 

87 

10*0 

June 


18 j 

39 

94 

62-7 

2 

33 

12*0 

July 


15 ‘ 

35 

83 ’ 

1 67 -0 

1 

31 

11-S 

Auguat 


10 

39 

99 1 

: 74*3 

1 

23 

13*2 

September 


15 

46 

104 ! 

87-7 

1 

24 

11*7 

October 


15 

56 

118 1 

92*6 

1 

24 

9*4 

November 


8 

54 

95 ^ 

69-2 

1 

13 

4*9 


Hatching. Egg stage occupied seven to fourteen days in April, four to 
six days in September, and eight to sixteen days in November. 


Table X 


Duration of the egg-stage o/B. ebinensis L. 


Montli 

1 

No. of 
observa- 
tions 

Duration 

Minirmim 

1 

of 0 gK-Btag(> (in clays) 

Maxiinnrn j Average 

i 

April 

59(1 

7 

14 

1 

9*5 

May 

48 

5 

9 ! 

6*5 

June 

ti2 

(1 

'J 

7 *2 

J Illy 

49 

() 

9 

6 *8 

August 

1 225 

4 

7 

5*7 

September 

i 729 

i 4 

(i I 

4*8 

October 

! r)!)3 

i 

9 1 

7 •() 

November 

j 151 

1 

1 8 

i 

1(> 

j 13*1 


Larval staye. Larval stage was passed inside the grain. When full- 
grown, the larva migrated towards the periphery of the grain and rested just 
beneath the seed coat. Duration of the larval stage was the shortest in 
August and September and the longest in November (Table XI). 
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April 

May 

Juno 

July 

August 

Septeinbor 

Octobor 

Novombt^ 


Table XI 

Duration the larval stage of B. chinensia L. 


Mouth 


Duration of tlio larval stage (in 
days) 

No. of 

obsorva- - - 


tions 


Minimum 


Maximum 


Average 



30 

17 

40 

12 

19 

14 

71 

14 

266 

10 

586 

10 

313 

14 

21 

26 


21 

18-4 

33 

20 *0 

20 

17 -0 

26 

16 -5 

21 

j 12-0 

21 

1 13-5 

30 

i 20 *0 

38 

1 34 9 


The pest hibernated as larva from October onwards. Hibernation 
usually began on October 10 and reached its climax on 15 when all the larvae 
whicl) hatched on this date and after hibernated. In all 423 larveo were 
kept under observation and 62 *4 per cent of this lot over-wintered and emerged 
as adults successfully. A few typical cases of the duration of tlie over- 
wintered larvae are given in Table XII. 

Table XII 


Life of the over-wintered larvce. 


Eggs hatclied on 

Larv^as pupates 1 on 

Life (in days) of th 
over-wiutored 
Jarvfe 

14 October 1940 

15 March 1941 

152 

14 October 1940 

27 March 1941 

164 

17 October 1940 

15 March 1941 

149 

20 Octobor 1940 I 

6 April 1941 

168 

21 October 1940 

15 March 1941 

145 

4 November 1940 

16 March 1941 

131 

4 November 1940 

3 April 1941 

150 

13 November 1940 

27 March 1941 

1 134 

21 November 1940 

23 March 1941 

122 

28 November 1940 

27 March 1941 

120 

2 December 1940 

29 March 1941 

117 

2 December 1940 

3 April 1941 

i 122 


Pupal stage. Pupal stage was also passed inside the grain, the adults 
escaping from the grain by cutting out a circular hole in the seed coat. Dura- 
tion of the pupal stage in different months is given in Table XHI. 
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Table XIII 

Duration of the pupal stage of B. chinensis L. 


m 


VI] 


i 

Month 

I 

No. of 
obso^rva- 
tions 

Duration o; 

Minimum | 

! 

t j)upal stag< 

r~; 

Maximum 

i‘ (in days) 

I Average 

! 

May 

1 375 

1 

! 

13 

8 -1 

J uno 

31 

1 

6 

7 -9 

July 

5b 

! r, 1 


6 -4 

August 

162 

; 4 i 

1) 

6 -4 

September 

543 

^ : 

! 

8 *9 

October 

1 348 

s 

! 18 

1 1 *9 

November 



! ini 

1 

i 

, 1 5 

I '' 

18-2 


Longevity of adults. Females lived longer than tlie males. Longevity 
of the adults in different months of the year is given in Table XIV. 


Table XiV 

Longevity {in days) of adults in different months 


Month 

1 No. of 
observa- 
tions 

; 

Male 

i 

Fiioale 


1 Minimum 

Maximum 

Average | Minimu*.i 

Maximum 

Average 

April 

i 1ft 

; ft 

17 

10-7 i 6 

18 

1ft- 0 

May 

17 

: ft 

1) 

7*0 ! ft 

« 1 

ft- 4 

Juiiu 

1 

18 

! n 

y 

ft'l i 4 

8 ; 

ft- 2 

July 

1ft 

■ ft 

7 i 

ft-1 1 ft 

8 ' 

7- 1 

August 

1ft 


7 

ft • y ; ft 

8 1 

ft- 5 

September 

1ft 


12 1 

7' 4 ft 

12 1 

1 

8- 4 

Octohor 

Ift 


12 

y-T 

12 

10- ft 

November 

S 

I ^2 

20 

1ft- 2 ; 1ft 

20 I 

1 ft ‘ ft 


Seasonal history and number of generations. Tire adults began to appear 
towards the end of March, the earliest date of their appearance being 26. 
Seasonal history is given below : 

March ..... Adults emerge towardn the t'ud 


April to September . . All stages ol the pest are pr(S('iit. iJamage by it in at 

its maximum. In May to July viability of the 
eggs fails considerably 

October to November . . All stages present, activity reduced. Some larv» 

begin to hibernate 

December to February . . Hibernating larvae only present 

The pest passed through seven to eight generations in a year which over- 
lapped (Fig. 3) 
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Fig. 3, Number of gouerations of Z?. chinemis L. 

Sex ratio in different generations. The males, as is seen from Table XV, 
predominate in all the generations. 

Table XV 


Sex ratio of B. chinensis L, in different generations 


No. of gODcration 

Total 

uumbei* 

of 

iowiK-ts 

C'ounti'd 

Niiiiibor 

ol’ 

iruilt'H 

Nninb('r 

of 

fcimdcs 

S(^X T 

Malo 

'atio 

Foinulo 

T 

«()4 

453 

41 1 

52-4 

47 ‘6 

11 

2756 

1508 

1248 

54-7 

i 

45 -3 

III 

2592 j 

1 1423 


54 ‘9 ! 

45-1 

IV 

2437 

1449 j 

988 

59 ‘5 

40-5 

V 

4692 

2622 

2070 

55 -9 

44-1 

VI 

7295 ! 

3765 

3530 

51 -6 

48 -4 

VII 

32(^4 

1 

1683 

J521 

52 *5 

47 -6 


Develojjweni in various leguminous seeds. Development of the pest was 
studied in the following II leguminous seeds: moony {Phaseolous mungo), 
moth (Phaseolus aconitifolius), gram both desi and hahuli {Cicer arietinum), peas 
{Pisum sativum) Jobia (Phaseolus calcaratus), mash (Phaseolus radiatus), arhar 
[Cafanus cajan (indicics)], lentil (Lens esculenta)^ sem (Dolichos lablab) and 
guara (Cyamopsis psoralioides). It failed to breed in sem and guara. It 
developed most quickly in moth, lobia, moong, and very slowly in mash and 
peas. It laid the least number of eggs on lentil. Ghosli [1937] observed the 
shortest duration of this insect in pigeon-peas [Cajanus cajan (indicus)] which 
was also found by him to suffer most from its ravages. Table XVI gives 
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the comparative rate of development and oviposition of this pest along with 
the percentages of larv® and pupee completing their growth successfully in 
different seeds. 

Table XVI 


Comparative, rate of development, oviposition and percmtacjes of larvoi and 
pup as completing their growth successfully in different seeds 



Duration of larval and pupal 
stages (in day's) 

JSo. of egg8 laid 

Yialiility 
of tht^ 
larval and 

Variety ol grain 

Minimum 

Maximum 

Average 

Minimum 

Maximum 

Average 

pupal 

8tage 

Kabuli gram 

22 

31 

26*5 

58 

89 

78-0 

92*4 

Desi gram 

20 

29 

24*9 

52 

97 

77-4 

91*9 

I’raa 

26 

66 

43-3 

53 

101 

79*0 

12*3 

Arhar 

21 

26 

23*3 

66 

106 

81-8 

95*8 

Moony 

20 

27 

22*1 

58 

105 

77*8 

97*9 

Moth 

21 

24 

21*6 

66 

82 

73*0 

96*9 

Lontil 

22 

: 86 

26*6 

51 

70 

61*3 

65 • 0 

Math 

36 

40 

43*0 

32 

100 

C3‘4 

j 87-6 

Lobia 

21 

j 25 

21-6 

60 

00 

77*0 

i 93*3 


Nature and extent of damage. Nat ure and extent of damage was found to 
be identical with that of Bruchus analis F. In a single grain tliere were 
found as many as eight larvae. 

Natural enemies 

Both the insects were found to be parasitized by Brvchobius laticcps 
Ashm. (fan}ily, Miscogasteridse) Order Hymenoptera in their larval stages. 
We collected this parasite from Panipat, Karnal, Shergarh, Lahore, Lyallpur 
and Jhang. 

Summary 

Bruchus analis F. and Bruchus chinensis L. are the two important jtests of 
various stores, pulses and gram in the Punjab. The former remains active 
from Marcli to November whereas the latter is active from Marcli to October. 
'J'he eggs are glued to the grain and the larva on hatching bores into the seed 
and feeds on its contents. When full grown, it migrates tow ards the periphery 
and comes to lie next to the seed coat where it pupates. The adult emerges 
by cutting out a circular hole in the seed coat. 

In the case of B. analis F., a single female lays 11 to 160 eggs in 2 to 12 
days at the rate of 1 to 82 eggs per day. Incubation period lasts from 1 to 
1 8 days, larval stage occupies 8 to 43 days and pupal stage is completed 
in 6 to 36 days depending upon season. Males live longer than the 
females. There are 9 to 10 generations in a year and these overlap. 

A single female of B. chinensis L. lays 34 to 113 eggs at the rate of 1 to 
37 eggs per day. Eggs hatch in 4 to 16 days, larvae are full grown in 
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10 to 38 days, whereas pupal stage occupies 4 to 28 days. Longevity of 
the female adult varies from 4 to 20 days and that of male from 3 to 20 
days. The insect passes through seven to eight overlapping generations 
in a year. 

Development of these insects on 1 1 different leguminous seeds is also des- 
cribed. The larvse of both these insects are parasitized by Bmchobius laticeps 
Ashm. 
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STUDIES ON THE QUALITY OE JAY WANT COTTON GROWN 
FROM SEEDS OBTAINED FROM DIFFERENT STAGES 
OF PROPAGATION 

BV 

H. R. NAYAK 

Technological Assistant, Dharwar 

(Rcceivetl for publication on 19 February 1942) 

I N (;rder to maintain the purity of improved varieties of cotton, a siilisi- 
dized scheme ‘Maintenance of the nucleus of pure seed’ is esta blished by the 
Indian Central Cotton (committee, Bombay. For this purpose, the practice 
followed in the Southern Maratha Country is to sow in two-acre plot, on the 
Dharwar Farm, seed of a particular variety inbred by the Cotton Breeder. 
'Jlie plants in this stage known as stage 1 are selfed, the inbred bolls are picked 
sei>a^ately and ginned and the vseed is then multiplied on the same farm as 
w ell as in Dharwar taluka on an area of about 25 acres at eacdi of these places. 
The produce of this seed is Iviiovv n as stage II and is handed over to tlie Cotton 
Su|)erintendent Irom the farm for multiplication in all the (‘otton centres by 
registered growers under ex[)ert supervision. The plants of the succeeding 
crops are hai’vested and ginned under supervision so as i^o eliminate all 
chances oi' admixture with ibreign seed. This ensures a fairly high degree of 
purity in the seed which ultimately reaiiies the farmers’ hands and as the 
lu'ocess is continuous, the deterioration by mixture can hardly take place. 

It may, Irowever, lie noted that during the first and second stages, tliere 
is rigid control over the {nuity of tlie seeds, but due to the numerous uncon- 
trollable factors in the districts, the cotton may not remain quite pure in 
subsequent stages. The roguing of foreign cotton plants is done up to the 
fourth stage and tlie number of plants removed per acre are on an average 
of about 0-5 and 1-3 per cent in the third and fourth stages, respectively. 

It may be mentioned that the produce up to the tifth stage only is under 
the control of tlie Agricultural Department and t he area under Jayw'ant cotton 
in that stage is 1,18,000 acres. The produce of this area is considered suffi- 
cient for sowing about 12,00,000 acres which is the total area under Kumpta 
cotton. Thus, the sixth stage from whiidi deterioration takes place is left out. 

It should not be forgotten that tliere are chames of admixture from the 
Hiuall area of different varieties of* cotton grown in Bija|)ui\ Dharw-ar and 
Belgaum districts and due to importation of cotton from the Nizam’s Domi- 
nions as well. 

Thus, the chances of mixture are: — (i) Natural cross pollination, (2) 
Mechanical mixture when handled from the field to the seed sowing stage 
«uch as heaping the kajpas (seed cotton) in ladories, ginning in factories and 
storage of seed. 
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Object of the investigation 

Jay want cotton is grown on about 12,00,000 acres in the Bombay-Kama- 
tak. The extensive cultivation of this variety has been possible on account 
of its superiority in the economic characters over other local varieties. There 
was, however, an impression (not based on scientific evidence) that the crop 
from later stages deteriorated in quality. The investigation was, therefore, 
undertaken to study the variations of fibre and agronomic characters of the 
cotton grown from seeds obtained from different stages of multiplication and 
the results are presented in this paper. 

Mateeial and method 

The experiment was conducted on the Dharwar Farm on an area of 
about half an acre. Inbred seed was obtained from the Cotton Breeder, 
second stage from the Superintendent, Dharwar Farm, and the seed of later 
stages, i.e. from third to sixth wae supplied by the Cotton Superintendent 
from the Hubh centre, which is the biggest centre in the whole tract, and the 
results are, therefore, applicable to the whole of the Kumpta tract. The seed 
samples of each stage were sufficient for sowing about three gunthaa and are 
considered representative of each stage. The experiment was commenced 
in 1938-39 season and was continued in the next year. During these two 
seasons, the seed of all the six stages was sown in duplicated plots yielding 
12 samples for each season. Two representative samples, each weighing about 
two pounds of kapas of each stage from the second picking were obtained. 

The problem was studied from the following points of view and the methods 
and jirocedure followed were the same as adopted at the Technological Labora- 
tory, Mutanga, for measuring the different fibre characters. The maturity 
ratio and standard hair- weight were calculated by using the formula derived 
by Pierce and Lord [ 1934 ]. The number of fibres were also calculated from 
the values of fibre length, fibre-weight and weight of lint per seed. 

Fibre characters : 

(1) Mean fibre length in inches 

(2) Fibre- weight per unit length 

(3) Fibre maturity 

(4) Maturity ratio 

(6) Standard hair-weight 

Agronomic characters : 

(1) Ginning percentage 

(2) Lint index 

(3) Number of fibres per seed 
xperimental results : 

The results of fibre and agronomic characters of Jaywant cotton grown 
from seeds obtained from different stages of propagation are given in Tables I 
and II. 
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Tablk I 
Fibre characters 



Stage 

Sf^son 

I 


IJ 

' 

11 

1 

IV 

V 

i 

V 


1 

2 

1 



2 

1 

2 

1 

2 

j 

2 

T'T' 

I 





J. Mean fibre length 

{inches] 




1 

I0;t8-39 

0*91 

0-90 

0-90 

0-89 

0-91 

0-91 

0-91 

0*92 

0-91 

0-91 

0*91 , 0-91 

1939-40 

0-01 

0-94 

0*93 

0-91 

0-92 

0-91 

0-91 

0-01 

0-91 

0-92 

0*90 0-91 





2. Mean fibre-weight pet unit length 




1938-39 

0-171 

0-177 

1) • 178 1 

0-163 

0*173 

0*170 j 

0*179 1 

0-174 

0- 183 

0-178 

0-188 0*190 

1939-40 

0-182 

0-182 

0-189 

0-190 

0-190 1 

0-187 

0-193 

0-198 

0- 191 

0-183 

0-207 0 202 




3. 

Fibre maturity 

[ 2 )er cent matun 

hairs) 




1 938-39 

C8 

07 

67 

02 

64 

66 

64 

63 

07 

69 , 

67 1 71 

1939-40 

I 67 

65 1 

68 

69 

05 

65 

64 

07 

60 

67 1 

69 j 07 




3 

Fibre malurUy {per cent immature hairs) 




3938-39 

1 "'I 

! ! 

22 ; 

2« 

25 ] 

24 

24 

26 

1 I 

21 j 

21 1 21 

1939-40 

i 23 1 

I 24 ! 

22 ! 

21 

25 ' 

23 

■ 25 

23 

1 24 ! 

22 1 

22 1 22 






4. Maturity ratio 





1938-39 

1 0-957 

i 1 

1 0-951 

1 0-958 

0-930 

0-939 

0-948 

0-943 

0-933 

1 0-951 

j 0-967 

j 0-961 i 0*972 

1930-40 

1 0-954 

0-945 

1 0-061 1 

0-967 

0-942 

0-949 

0-939 

0-954 

i 0-948 

i 0-958 

1 0-963 ! 0-95() 





5. 

^Standard hair-weight 





1938-39 

0-178 

1 0-186 

1 0*185 

I 0-175 

i 

0-186 

; 0-179 

1 0-J90 

j 0-186 

, 0-192 

i 0*184 

j 0-196 0*195 

1989-40 . 

0-101 

j 

I 0-192 

j 0-196 

1 0-196 

j 0*202 

0-197 

j 0-205 

j 0-207 

0-202 

1 

i 0*191 

i 

1 0-215 0-211 


Table II 

Agronomic characters 








Stage 







Season 

■ 

n 

III 

] 

V 

V 

VI 


1 

2 

1 

2 

^ i 

2 

1 1 

2 

1 

2 

1 

2 

3938-39 

29-9 

30-5 

30-5 

30-2 

i. Q inning percentage 
29-0 1 29-0 ; 29-5 

29-7 

29*5 

29-2 

28-0 

29- 0 

1939-40 

29-5 

30*4 

29-0 

30-7 

28-6 

29-4 

27-5 

1 27-0 

28*2 

29-8 ' 

27-0 

27-5 

1938-39 

2-70 

2*80 

2-74 

2-69 

2. Lint indeu 
2-66 1 2-57 

2-50 

2-67 

2-45 , 

2-18 , 

2-36 

2- 52 

1989-40 

2-57 

2-48 

2*26 

2-34 

2-30 

2*60 

2-23 

2-16 1 

2*35 ! 

2-42 i 

1-97 

2-13 

1938-39 

6170 1 

6216 j 

6050 i 

3. 

6680 

Humber of fibres per seed 
6390 5870 54(X) 

i 5890 

5380 

4610 

4910 1 

5110 

1939-40 

5480 

5160 1 

1 

4500 i 

I 4760 

4670 

5370 

; 4460 

j 4240 

4780 

6080 

3740 ' 

4100 
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Discussion of results 

The analysis of variance was applied to the results obtained for the 
various fibre and agronomic characters of Jaywant cotton studied in this 
])aper and the significance of the differences have been judged according to 
this method. As the significant effect between different stages does not neces- 
sarily indicate deterioration, the separation of linear component due to deterio- 
ration was also worked out to study the effect due to different stages of propa- 
gation. 

Table 111 

tiumnMry of remits 


I' ibrt' and aizronniiiir (‘liurauturs 

1 

1 1 11 

m 

IV 

\ 

[Average 
. VI 1 

Standard 

f'rror 

Fibre l(.‘nKth .... 

OOVIf) 

0-008 

0*012 

0*012 

0*012 

0*008 j 

0*0040 

Fibre- wiiigl it .... 

()■ 178* 

0* 180 

0- 180 

0 * 180 

0*184 

0*107* j 0*184 

0*0022 

.rerceiiU«e of mat ure iiairs 

07 

00 

Of) 

05 

07 

08* ; **<>*2 

0 ' 85 

Maturity raiit.) .... 

0 • P;V2 

O-Ool 

o*04:» 

' 0*042 

0*050 

0*003 0*052 

0*(M17 

Standard hair-weigid 

0* 187» 

0- 188* 

0*101 

0*107 

0*102 

0*204* 0-103 

1 

0*0022 

Ginning pereeutage . 


30- !♦ 

20*0 

28*4 

20*2 

28*0* 1 iJO-J 

1 

0*202 

index 


^ I 

2-51 

1 2*30 

2*35 

2*25* 2*41 

0*051 

No. of tibn^s i»er seed 

i 

5472 

557;-,* 

1 4008 

4002 

44(>5* 5205 I 

157 


♦ rntiicatf signittcaiitly liij^bur or lower value.s Uiaii laeuii 

Tlic iuialysis of variance for fibre length, fibre-weight, |iercentagc of* 
mature liair8, maturity ratio and standard Ji air- weight are given in 'falile IV. 

From Table IV, it is evident that the variance due to stages is non-signi 
ticant for fibre length, percentages mature hairs and maturity ratio and tluit 
it is significant for fibre-weight per unit length and standard Jiair-weigfit. 
The standard hair-weiglit is (calculated from fibre-weight ; tlie significant 
values for standard hair-weight can, therefore, be expended. 

Tile analysis of variance results of fibre-weight and standard hair- weight 
were further examined and the analysis is given in Table V. 

The linear component being significant for fibre-weight and standard 
hair-weight shows evidence of deterioration. But reference to Table I will 
show that tlie values in the sixth stage are rather high during both the seasons. 
It may be noted that higher fibre-weight means coarser cottons which in turn 
will give lower spinning value if all other fibre properties remain the same. 
Hence it can be seen that the cotton from the sixth stage is jiarticularly in- 
ferior as judged from the fibre-weight and standard hair-weight values. This 
is corroborated from the summary of results given in Table III where it can be 
observed that only the sixth stage values are significantly higher than the aver- 
age. 
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Table V 


Further analysis of variance 


I 

1 

Degrees 

of 

1 freedom 

1 

1 

1 

i 

Fibre -weight 

1 Standard hair-weight 

Sum of 
squares 

Mean 

square 

Sum of 
squares 

Mean 

squares 

. 

Linear regression 

1 

0 *000704 

0 *000704* 

0 -000641 

0 *000641* 

Deviation from regrosBion , 

4 

0 *000234 

0 *000058 

0 *000203 

0-000051 

Total (stages) 

5 

0 *000938 


0 ‘000844 



* DenoteB eignificaiice for 1 per cent level 


It is, therefore, apparent that there is no evidence for deterioration of 
Jay want cotton in the first five stages as judged by the various fibre charac- 
ters studied in this paper. The only variation is due to seasons with which 
the present study is not concerned. 

It may be observed that Jay want cotton did not show any decline, in 
fibre length, percentage of mature hairs and maturity ratio for different stages 
of propagation. 

The fibre-weight values of 1938-39 season showed a tendency for the cotton 
to become coarser and it is interesting to note that it is coarsest in the sixth 
stage for both the seasons. It may be noted that 1938-39 samples were finer 
than those of the other season and this may possibly be due to climatic 
factors. 

The standard hair- weight, which is a derived property, showed a slight 
increasing tendency in the successive stages for both the seasons, the sixth 
stage recording the highest values in both seasons. Like fibre-weight, these 
values are higher in 1939-40. 

Agronomic characters 

It can be seen from Table II that the result of the ginning percentage, 
lint index and number of fibres per seed showed a decreasing tendency from 
successive stages, the sixth stage giving the lowest values for both the seasons. 
The number of fibres per seed is derived from fibre-weight and lint-index 
values and as these are correlated to each other, the lower number of fibres in 
the sixth stage can be ascribed to the higher fibre-weight values obtained for 
that stage. Needless to mention that the lower ginning percentage, lint 
index and number of fibres per seed go to show deterioration. 

The analysis of variance due to stages show significant variation. 
This was further examined and the analysis of variance is given in Table VII, 

It can be seen from Table VII that the linear component is also significant 
for the agronomic characters studied indicating deterioration. 

But Ske fibre characters, the results in Table III indicate that only in 
the sixth stage, the ginning percentage is significantly lower than for other 
stages. This is corroborated by the results of the lint index and number of 



VI] QUALITY OF JAYWANT COTTON 871 

fibres per seed which are significantly lower in the sixth stage only. It, there- 
fore, seems evident that the agronomic characters also did not show any 
decline in the first five stages of propagation. 

Table VI 


A nalysis of variance of agronomic characters 


Boiircf's 

of 

variation 

D(?grooH 

of 

f ro( ^dom 

Ginning por(‘ont- 
ago 

Lint i 

ndoy 

Nunihm* 

of librt'B 
s(*(*d 

Bum of 
8(|uaroB 

M('an 

Rquarc 

Sum of 
8<|uar(‘H 

Moan 

BCjuare 

Sum of 
K([uaj‘Os 

Mt-an 

square 

! 

Duo to BcaBoria 

1 

4 166 

4 -1661 

0-.3002 

0 -3602t 

6237301 

; 6237.301t 

Duo to HtagOB 

5 

14-283 

2 -BOt 

: 0- 38.57 

0-077 It 

4647 1 SO 

i 929436t 

SoaBoiiH X atagoH 

5 

4-194 

9-84 

0 -1891 

0 -0378 

146463] 

’ 29300() 

Fiold orvor 

12 

4 *070 

0 *34 

0-1408 

0-01)7 

1177162 

98090 


t DcnotoK signilicancc for 1 per cent It'vcl 


Table VII 

Further analysis of variance 


SourcoB 

of 

v^ariat ion 

D(‘greo8 

of 

frt'odorn 

Ginning poroent- ^ Lint ind(‘x 

Num her 

jM , 

of fibri's 

> VI 

Sum of 
squan B 

M«‘an 1 Sum of 
Bquai'o ' squares 

Mean 

square 

Sum of 
squares 

Mean 
: square 

Linear rt*gr('BBion 

1 

10-656 

lO OOOti 0 -3730 

: 

0 -3730t 

4194893 

41 94893' 

Deviation from 

4 

3 -627 

0-907 1 0-0127 

0-0032 ; 

452287 

113072 

regi-f'BBion 

' 

1 1 




1 


t DeiH>tes Kignificaiiee for 1 jrer cent lev<'l 


Conclusions 

Jay want cotton grown on the Dharwar Farm from seeds obtained from 
six stages of propagation were examined for fibre and agronomic characters 
during 1938-39 and 1939-40 seasons. It is found that there is no evidence of 
deterioration in fibre length, fibre maturity and maturity ratio but there Ls a 
tendency for the cotton to become coarser, to give lower ginning percentage 
lower lint index and lesser number of hairs per seed during the later stages of 
propagation. 

It is clear that there is no deterioration in the first two stages w'hich are 
definitely pure and for the later stages where rigid control may not be possible, 
there is a slight tendency for the cotton to deteriorate. It may be noted that 
in respect of these characters, the values of the shith stage are significantly 
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inferior to those of the other stages, indicating deterioration in the sixth stage 
only. It may be stated that the Department is using the seeds up to the fifth 
stage only whereafter visible deteiioration takes place in the economic charac- 
ters studied. The system of auction sale adopted in this tract is after grading 
and generally it is observed that the cotton' up to the third stage does not go 
into the lower grade whic'h corroborates with the findings in this study. The 
values of the maturity ratio, standard hair-weight and number of fibres per 
seed are derived by calculation from fibre-weight and other measureable 
characters. 
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(Received for publication on 28 February 1942) 

(With three text -figures) 

'^HAT application of lime influences the quantity of available phosphoras 
* in soils has been pointed out by several workers, both by laboratory 
analysis and field experiments. Naftel [1937] showed that readily available 
phosphorus by Truog’s method was greatly increased (more than doubled) 
by the addition of lime. Askinazi and Yarusov [1928] showed that intro- 
duction of lime in a podsolized soil resulted in an accumulation of the mineral 
phosphoric acid in the soil solution and an increased phosphate solubility 
in weak acids. Cook [1935] showed that the addition of lime to soils caused 
significant increases in the amounts of readily available soil phosphates. 

Sewell and Latshaw [1931] found that fertilization with superphosphates 
did not increase the percentage of phosphorus in alfalfa but that application 
of lime with the superphosphate did. Albrecht and Klemme [1939] reported 
field work conducted with lespedeza forage in which application of limestone 
and superphosphate almost doubled the calcium, phosphorus and nitrogen 
content of the crop over that obtained from superphosphate alone. Davis 
and Brewer [1940] found that liming soils low in calcium content enabled 
winter legumes to utilize larger quantities of the phosphorus supplied by super- 
phosphate. 

Very little is, however, known as to the precise nature of the transforma- 
tion process and also as to the type of phojsphorus compounds that contribute 
towards the increased availability. It h|as been .suggested by some that a 
part of the iron and aluminium phosphates becomes soluble by chemical 
interaction with lime, while according to others it is due toi the mineralization 
of organic phosphorus compounds present in the soil. In a study of the 
distribution of different forms of phosphorus in some Indii|in soils it has been 
found by the authors that acid soils are characterized by high accumulation 
of organic phosphorus and also by a high percentage of iron and aluminium 
phosphates. Transformation of one or both of these types of compounds 
seems to be the most probable thing to happen during thejprocess of conver- 
sion. The change in the soil reaction brought about by lime is of course a 
fundamental factor in both these kinds of transformation. 

The object of this work was to find out the nature of transformation 
effected by iiming, by determining the relative amounts of the different groups 
of phosphorus compounds by fractionating the soil with and without liming 
treatments. The soil selected was a paddy soil from Titabari, Assam. The 
pH of the soil is 4 * 7 and its content of P 2 O 5 is 0 * 1145 per cent. The avail- 
able phosphorus is extremely low, it being 2*6 mg. P 2 O 6 per 100 gm. of soil. 

The liming materials used were chemically pure calcium carbonate, 
calcium hydroxide, calcium sulphate and magnesium oxide each at the rate 
of 2- 6 , 6 and 7*6 tons per acre. 
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Procbbtjeb 

The general procedure adopted was as follows : 20 gm. samples of soil 

were weighed into wide-mouthed flasks and thoroughly mixed with the re- 
quisite amounts of liming materials. To each mixture enough distilled water 
was added to bring it to its optimum moisture content. The flasks were 
then weighed, stoppered with cotton plugs and stored in a dark room. Every 
few days the flasks were aerated, reweighed and water added to compensate 
for the loss due to evaporation. At intervals of 4, 6, 8 and 10 weeks, samples 
were withdrawn from the incubating flasks, air-dried and analysed for the 
phosphorus fractions by the method of Dean [1938] as modified by Ghani 
[1942]. The pH of the withdrawn samples was also determined at the same 
time. The treatment of the control was exactly the same except that no 
lime was added to it. The amounts of different materials added were calculat- 
ed on the basis of top six inches of soil weighing 2,000,000 lb. per acre of land. 
Each treatment was done in triplicate, but, as no appreciable variation 
could be observed in the results of the triplicate samples, the figures of single 
analysis only were included in the study. The changes in the fractions with 
time, effected by the different treatments, are shown separately in Tables 
I, II, III, IV and V. For convenience of comparing the effectiveness of 
different materials, the mean of the final increase or decrease over the con- 
trol, as the case may be, in the three doses of dressings has been taken into 
account. 

Table I 


Change in acetic acid-soluble phosphorus with time due to liming 
(Mg. P 2 O 5 per 100 gm. of soil) 


Treatment 

Tons/ 

acre 

4 weeks 

6 weeks 

8 weeks 

10 weeks 

Change 
in 10 
weeks 
over 
control 

Mean 

change 

in 

10 

weeks 

Control . , • 

• • 

2*7 

2*6 

2*7 

2*6 

« • 

ft • 

r 

2-6 

3*7 

4*2 

6*0 

6*8 

4-3*2 


CaCOj . . -{ 

6-0 

3*9 

4*6 

6*2 

6*9 

-f3*3 

+ 3-6 

1 

7-6 

3*7 

4*9 

6*3 

6*6 

+ Z9 


r 

2*6 

3*7 

6*2 

6*0 

6*7 

+4*1 


Ca (OH), . ^ 

6*0 

4*2 

6*2 

6*2 

6*3 

+ 3*7 

+4*0 

1 

7*6 

4*1 

6-6 

6*3 

6-8 

+4-2 


r 

2*5 

3*5 

4*9 

6*6 

6*0 

+3*4 


Cai^O|; • 

! 6-0 

3*6 

4*9 

6*4 

6*6 

+3*0 

+ 8*3 

L 

7-6 

3*7 

6*0 

6*7 

6*1 

+ 3*6 


« r 

2*6 

4-2 

6*0 

6*8 


+6*4 


MgO . . ^ 

6-0 

4*3 

6*9 

7*0 

7*8 

+ 6*2 

+6*4 

i 

7*6 

4*4 

6-8 

7*1 

8*2 

+ 6*6 
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Table II 

Cfuinffe in organic phosphorus with time due to liming 


(Mg. PjO, per 100 gm. of soil) 


Treatment 

Tons/ 

acre 

4 weeks 

6 weeks 

8 weeks 

10 weeks 

Change 
in 10 
weeks 
over 
control 

Mean 

change 

in 

10 

weeks 

Control . 

•• 

29*2 

28-2 

27 *2 

28 *4 

. . 

, , 

f 

2-6 

28-6 

28-0 

25*8 

20 *6 

—7*8 


CaCOg . < 

6-0 

27*6 

25*0 

26*8 

21 *8 

—6 *6 

—6*2 

1 

7*6 

24 -6 

23-6 

21 *4 

24 ‘0 

—4*4 


r 

2-6 

26*8 

23*4 

23*0 

23*8 

—4*6 


Ca(OH), . •{ 

6-0 

23 -4 

20*0 

24-0 

23-0 

— 6-4 

—6*4 

1 

7-6 

21-4 

20*4 

18*8 

19*2 

—9 *2 


f 

2-5 

25-8 

26 0 

26 *4 

23-2 

— 5-2 


CaSO* . ■{ 

5 0 

25*6 

27*0 

23 *5 

22-0 

—6*4 

—6 *1 

L 

7-5 

26*6 1 

25*0 

21 *6 

24*8 

—3*6 


r 

2-6 

24*0 

22 *0 

22*0 

16*2 

—12*2 


MgO . . -1 

5-0 

21 ‘6 

21 *4 

21 *0 

15 C 

—12*8 

—11*1 

L 

7 -6 

21*4 

23 *0 

21 0 

20-0 

—8-4 



Table III 


Change in alkali-soluble inorganic phosphorus with time due to liming 
(Mg. P2O5 por 100 gm. of soil) 


Treatment 

Tons/ 

acre 

i 

4 weeks 

6 weeks 

8 weeks 

10 weeks 

Change 
in 10 
weeks 
over 
control 

Mean 

change 

in 

10 

weeks 

Control . 

. 

• 

• • 

33*3 

33*3 

32*8 

32*6 

. • 

. • 



f 

2-6 

31*4 

30*0 

36*2 

34 -6 

+ 1-9 


CaCO, . 


-! 

6*0 

31*4 

31 -4 

34*2 

34 *2 

+ 1*6 

+ 0*9 



1 

7*6 

32*6 

32*5 

37*6 

32*0 

—0*6 




f 

2*6 

33 *6 

34 1 

32*0 

31*2 

—1*4 


Ca(OH)j 


■! 

6*0 

33 *6 

34*6 

32 *0 

32 *0 

—0*6 

— 1 *9 



1 

7*6 

34 *6 

34*6 

32 *0 

28 *8 

—3*8 




r 

2*6 

32*5 

32*0 

33*6 

32*8 

*4" 0 *2 


CaSO* . 


< 

6*0 

30*0 

32*0 

34*5 

36 0 

+ 3*4 

+0*7 



1 

7*5 1 

31 '4 

32*0 

34*6 

31*2 

— 1 *4 




r 

2*5 

34*1 

34*1 

28*0 

28*8 

—3 *8 


MgO . 



6*0 

33*6 

34*6 

28*0 

29*6 

—3*0 

—8*8 



\ 

7*6 

33 -6 

I 33*0 

28*0 

28 *0 

—4-6 
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Table IV 

Change in sulphuric acid soluble phosphorus with time due to liming 

(Mg. FjsOs per 100 gm. of soil) 

Change Mean 
in 10 change 

Treatment Tons/ 4 weeks 6 weeks 8 weeks lOweelca weeks in 

acre over 10 

control weeks 

Control. . . .. 7*7 7*6 8*0 7*8 *. .. 

f 2*6 7*8 7*2 8-2 7-6 — 0 ‘2 

CaCO. . . i 6*0 7*8 7-4 8-2 7*8 0*0 0-0 

7-6 7-8 7-4 8*2 8*0 +0*2 

f 2-5 7-6 8 “2 8-8 8*6 -f0*8 

Ca(OH)a . < 6-0 7-2 8-4 8*2 8-4 +0-6 +0*8 

7-6 8‘0 8-0 9-0 8-8 +1*0 

f 2-6 8*0 8*0 8-0 7*8 0*0 

CsSOa . i 6-0 7*6 7-4 7*4 8 0 +0*2 0-1 

7*6 7*8 7*6 7*8 8*2 —0*6 

f 2*5 7*2 8*2 9*2 9*0 ] +1*2 

MgO . . i 6*0 7*8 8*2 9*0 9*2 +1*4 +1*0 

7*6 7*6 8*2 9*2 8*4 +0*6 


Table V 

Change in insoluble phosphorus with time due to liming 

(Mg. P 2 O 6 per 100 gm. of soil) 

Change Mean 
in 10 change 

Treatment Tons/ 4 weeks 6 weeks 8 weeks 10 weeks weeks in 

acre over 10 

control weeks 


Control. 

• 

. « 

41 *6 

42*8 

43*8 

43*1 

• • 



r 

2*6 

43 0 

46*1 

40*3 

46 *0 

+ 2*9 


CaCOj . 

• i 

6*0 

43 *8 

46*1 

40-6 

46*8 

+ 3*7 

+ 2-6 


\ 

7*6 

45*8 

46*2 

42*2 

44*0 i 

+ 0-9 



r 

2*6 

43*8 

43*6 

44 *7 

43*2 

+0-1 


Ca(OH)j 


6*0 

46*1 

46 *9 

41 *4 

46*6 

+ 2*4 

+ 1-8 

L 

7*6 

46*4 

45*9 

48*6 

46*1 

+ 3 *0 



f 

. < 

2*6 

44*7 

44*3 

40 *9 

44 *6 

+ 1‘4 


CftSO« . 

6-0 

47 *8 

43*2 

46 *6 

42*2 

— 0 *9 

+0-8 


\ 

7*6 

46*0 

46*9 

45 *6 

46*2 

+ 2*1 


MgO . 

r 

2*6 

46 *6 

44*2 

48 *6 

62*3 

+ 9*2 


• •! 

6-0 

47*2 

I 44*4 

49 *3 

52*3 

+ 9*2 

+ 8-4 


L 

7*6 

47*6 

43 ‘:6 

60*0 

49 *9 

+6 *8 

.■ r . .. 
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Gbkekal discussion of besults 

The data in the above tables show that the only fractions that are much 
affected by the treatments are the acetic acid-soluble (available) phosphorus 
and organic phosphorus. No appreciable change could be observed in the 
other two fractions, namely the alkali-soluble inorganic phosphorus (iron 
and aluminium phosphates) and phosphorus soluble in 2N sulphuric acid 
(apatites). The effect of varying quantities of the materials on the apiount 
of changes produced is, however, very slight. The higher doses usually seem 
to be a little more effective. 

It will be seen from Table I that acetic acid-soluble phosphorus regularly 
increases with time up to a period of 10 weeks for all doses of CaCO^, CatOH)^, 
CaS 04 and MgO. At the end of 10 weeks of incubation calcium carbonate 
has increased the fraction from the control value of 2*6 mg. to 6*1 mg., calcium 
hydroxide has increased it to 6* 6 mg., calcium sulphate to 5*9 mg. and mag- 
nesium oxide to 8*0 mg. Magnesium oxide has trebled the quantity of avail- 
able phosphorus, calcium hydroxide has increased it two and a half times 
while calcium carbonate anl calc um sulnhate have more han doubled it. 
It would thus appear that, of the four substances used, the effectiveness in 
increasing phosphate availability is of the order 

Mg 0 >Ca( 0 H) 2 >CaC 03 >CaS() 4 . 

There is not much difference in the behaviour of the last two substances and 
in fact their effect may be taken to be almost identical. The rate of increase 
(average of three dressings) of available phosphorus with time is shown gra- 
phically in F’g. 1. 

Table II shows that organic phosphorus decreases with time for all doses 
of dressings with the four substances in question. In 10 w eeks calcium ^earbo- 
nate has reduced the amount of organ'c phosphorus by 6*2 mg., calcium hydro- 
xide by 6* 4 mg., calcium sulphate by 5* 1 mg. and magnesium oxide by 11*1 
mg. As before, the highest change has been effected by magnesium oxide; 
it has reduced the fraction by more than one-third its original value. The 
data presented in Table II indicate that the order of effectiveness in break- 
ing down organic phosphorus is 

Mg 0 >Ca( 0 H) 2 >aiC 03 >CaS 04 . 

A comparison of Tables I and II will show that the decrease in organi<J phos- 
phorus is not wholly accounted for b}^ the corresponding increase in the avail- 
able phosphorus. This is specially pronounced -w ith magnesium ox de dres- 
sings. This would suggest that at least in the latter case a part of the phos- 
phorus liberated by the decomposition of organic phosphorus combined in 
some other form which is not available. The diminution of organic phosphorus 
with time is shown graphically in Fig. 2. 

It will also appear from Tables III and IV that alkali-soluble inorganic 
fraction (iron and aluminium phosphates) and sulphuric acid-soluble fraction 
(apatites) remain practically unchanged by the above treatments. The slight 
changes that have been produced in some cases are negligible in compari- 
son with the amount of the fractions present in the soil. This would show 
that iron and aluminium phosphates do not contribute anything towards the 
increased availability caused by liming. The absence of any change in the 
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apatite fraction would also indicate that during the period of experiment no 
phosphorus has gone into apatite combination though calcium carbonate 
was present in excess in some of the treatments. 



Fio. 1. Change in acetic acid-soluble phosphorus with time due to liming 

The data in Table V represent the insoluble fraction, i.e. the difference 
between total phosphorus of the soil and the sum of the four phosphorus 
fractions determined. The treatments produced but little changes in this 
fraction exwpt in the case of magnesium oxide. Magnesium oxide also 
oaus^ a comparatively large decrease in organic phosphorus (Table II) all 
which was not accounted for by the increase in the acetic acid-soluble frac- 
*1*0? P®wni* a generaliaation it swnis that with 
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magnesium oxide a part of the phosphorus lib rate ! by the breakdown of 
organic phosphorus reverts to a highly inert combination. Dean [1938] 
found that long coatinaed appHcations of superphosphate and sulphate of 
ammonia at Rothamsted and Woburn did not increase this fraction in any 
appreciable extent. 



TIME IN WEEKS 

Fio. 2. Change in organic phosphorus with time due to liming 

The change in the soil reaction with time brought about by the limin 
materials is shown in Table VI and Fig. 3. In all the treatments the 
of the media was increased, the higher doses showing slightly higher changes 
in all cases. In 10 weeks calcium carbonate shifted the pH from 4' 7 to 7 ‘2, 
calcium hydroxide to 7 • 9, calcium sulphate to 6 • 2 and magnesium oxide to 
8*3. The order of effectiveness in increasing pH is, therefore, 

MgO> Ca(OH)*> CaCO,>OaSO«. 
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-Fig. 3. Change in pH. with time due to liming 

Naftel [1937] using calcium carbonate at different calcium saturations has 
shown that one month after liming the was increased from 4' 7 to 7’ 3 
at 75 per cent calcium saturation. A mixture of calcium carbonate and 
magnesium carbonate gave similar results. The reaction of the soil was 
found to change linearly through the point of 76 per cent calciunx satura- 
tion and then approached a maximum of approximately pS. 8' 0 at the eqniljr 
brium or saturation point. 

It will also be seen that the materials stand in the same order in their 
effectiveness in increasing pH and available phosphorus and in decreasing 
organic phosphorus. It would thus be evident that the extent of upward 
shifting of the soil reaction is the principal factor in determining the degree 
pf increased availability of soil phosphorus caused by liming. Tbe change 
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in the soil reaction towards neutral conditions favours greater micro-biolo- 
gical activities which in turn effect greater breakdown of organic phosphorus 
compounds. The fact that any other fraction did not suffer any appreciable 
reduction by the treatments also shows that the increased availability may 
be ascribed solely to this cause. 

Table VI 


Change in -pH with time due to liming 


Treatment 

Tons/ 

acre 

4 weeks 

6 weeks 

" 

8 weeks 

10 weeks 

Change 
in 10 
weeks 
over 
control 

Mean 

change 

in 

1C 

weeks 

Control . 




4*7 

4*7 

4*7 

4*7 

.. 





2-6 

6*5 

6*6 

6*8 

7*0 

+ 2*3 


CaCOj^ . 



5-0 

6*8 

6*8 

7*0 

7*2 

+ 2 *5 

-1-2 -4 




7*5 

7 0 

7*1 

7*1 

7*1 

-1-2-4 




2*5 

6*9 

7*4 

7*6 

7*5 

-t-2-8 


Ca(OH)2 



5 -0 

7*2 

7*6 

7*8 1 

7*7 

-1-3 -0 

+ 3*0 


1 

1 

7 -5 

7*5 

7*8 

7*9 

7*9 

-f3-2 





2*5 

5*0 i 

5*3 

5*9 ! 

6*1 

-f 1-4 


CaSO* . 



5 *0 

5*2 

5*7 

6*1 

6*1 

-M-4 

+ 1 *4 


1 

1 

7 *5 

5 *3 i 

6*9 

6*1 

6*2 

-f 1-6 



(■ 

2*5 

1 

7*2 

7 *4 

7*8 

1 

7*8 

-f31 


MgO , 



1 

5 0 

7*4 

7*6 : 

7*8 

8*2 

-f3-5 1 

+ 3*4 


1 

1 

7*5 

7*6 

i 1 

7*8 

8*0 

8*3 

-1-3-6 



Summary 


An acid soil, having a very low amount of available phosphorus 
was incubated with calcium carbonate, calcium hydroxide, calcium sulphate 
and magnesium oxide, each at the rates of 2 • 5, 5 and 7 • 5 tons per acre. Trans- 
formation of soil phosphorus was studied by fractionating the samples at 
intervals of 4, 6, 8 and 10 weeks. 

The available phosphorus regularly increased with time in all the treat- 
ments at all doses. The order of effectiveness in increasing phosphate avail- 
ability was 


Mg 0 >Ca( 0 H)j>CaC 0 ,>CaS 04 . 
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The organic phosphorus decreased with time in all cases. The effective- 
ness in decomposing organic phosphorus was of the order 

Mg 0 >Ca( 0 H)ij>CaC 03 >CaS 04 . 

In all the treatments the pH of the soil was increased. The order of 
effectiveness in increasing pH was Mg 0 >Ca( 0 H) 2 >CaC 0 j>CaS 04 . 

The treatments did not produce any significant change in the other 
fractions. 

The data reported show that the greater availability of soil phosphorus 
caused by liming, as observed here and by previous workers, is due to the 
deoompositipn of organic phosphorus compounds and not due to chemical 
interaction of the liming materials with the phosphates of iron and al umini um, 
as supposed by some. 
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Introduction 


genus Pyrilla is widely distributed throughout the oriental region. 

* The known species of this genus have been described by different work- 
ers. Owing to a great variability of the individuals of the same species great 
confusion usually occurs in identifying these leaf-hoppers. Over and above 
this, there is a general resemblance between the individuals of different species 
This again causes a serious handicap for the field-worker to distinguish one* 
species from the other. 

The species of Pyrilla. described by different workers are : — 

P. lyooides Walker, J . Ent.y (i), [1802] ; 

P. aberrans Kirby, J. Lmn. Soc. ZooL, [1891] ; 

P. perpusilla Walker, List Horn., (ii), [1851] ; 

P. piisana Distant, Ann. Mag. Nat. Hist., (8), 14, [1914] ; 

P. protuberans Stal, Ber. Ent. Zeitsch., 3, [1859] ; 

P, sumatrensis Baker, l^reubia, voL 6, [1925.] 

The Indian forms have been described by Distant in the Fanna of British 
India — Homoptera, vols, 3 and 6. He holds that three species of Pyrilla, viz. P. 
aberrans, P. perpusilla and P. pusana are distributed in various parts of the 
country. Later on Baker [1925] reviewed all the then known forms and describ- 
ed a new species from Sumatra (vide supra). The identification and validity of 
Indian species were questioned by a number of subsequent workers from differ- 
ent parts of India. Pruthi [1937] reviewed the problem of Indian species. He 
concludes that P. aberrans Kirby is unknown in India and that P. perpusilla 
and P. pusann are either synonyms or they are two varieties of one and the 
same species. He, however, retains these two species only due to the fact 
that the type specimen of P. perpusilla was not available to him for study. 

The present writers took up the work in order to determine the species 
injuring sugarcane plants at Aligarh. Specimens were collected or acquired 
from various parts of the country. The collection thus raised included forms 
specially from Lyallpur (Punjab), Muzaffarnagar (United Provinces), Aligarh 
(United Provinces), Etah (United Provinces), Pusa (Bihar), Dacca (Bengal), 
Bhopal (Central India), Bombay, Coimbatore (Madras) and Ceylon. 

883 
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The detailed morphological study of Pyrilla which is being conducted 
at the Aligarh Muslim University and is subsidized by the Imperial Council 
of Agricultural Research has proved of great avail in getting a clearer view 
of the characters on which different workers have based the distincJtion of 
different species. 

Baker has based his classification of the species of Pyrilla on the contour 
of the rostrum and number of apical and sub-apical cells of the fore-wing. 
There is, however, a great variation and a regular gradation of these characters 
among the individuals of apparently the same species. With regard to the 
number of apical and sub-apical cells not only do the different sexes of the 
same species show a wide range of variability but even the right and left 
wings of the same individual differ in the number of these cells. It, therefore, 
often leads to a confusion while identifying one species from the other. 

Baker’s [1925] work is followed by that of Pruthi [1937]. Pruthi deals 
only with the male genitalia. This seems to be a limited view of the body 
structure of an entire organism and has apparently failed him to distinguish 
some of the well-defined species of the Indian sugarcane leaf-hoppers. The 
present work deals only with the description and identity of the Indian forms. 
The study of all the species occurring in the whole of oriental region is post- 
poned for some later period when the present exigencies of war will be changed 
into more favourable conditions required for the work of this nature. The 
present writers avail of this opportunity to thank Dr H. S. Pruthi, Imperial 
Entomologist, for giving them access to the collection of Pyrilla present 
in the museum of the Imperial Agricultural Research Institute, New Delhi, 
and for providing opportunity of examinmg specimens identified by 
himself as well as by Distant. We acknowledge with gratitude the financial 
assistance of the Imperial Council of Agricultural Research an1 the help 
of the Entomologists-in-Charge of the above-mentioned sugarcane fieVl stations 
in India and Ceylon for sending us the required material. Finally we are 
thankful to Dr M. B. Mirza, Chairman, Zoology Department, Muslim Univer- 
sity, Aligarh, for providing all possible facilities and offering useful sugges- 
tions during the course of these studies. 

The studies of the present writers have led them to the conclusions that 
in India two distinct species are found. They are P. perpusilla Walker, 
and P. pusana Distant. The specimens obtained from Ceylon are, however, 
quite different from those collected from any part of India. They are re- 
garded by us as P. aberrans Kirby. A general description of these three 
species together with their distinctive features is given below : — 

Pyrilla perpusilla Walker, (Pyrops) List Horn., (ii), [1851] ; 

Fauna Br. India, Heteroptera-Homoptera, vol. 3, [1906] ; 

Trmbia, vol. 6, [1925.] 

The best specimens of this species were obtained from Bhopal and 
Bombay. It is, however, widely distributed all over India, chiefly at Lyallpur, 
Muzaffarnagar, Pusa, and in various Central and South Indian sugarcane 
tracts. 

A typical male specimen has a uniformly ochraceous coloured bodyi 
slightly paler beneath than above. The body (Fig. 1-A) is much less robust 
than either P. pusana or P. aberrans. Fore-wings (Fig. 2-A) are semi-opaque, 
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more or less uniformly yellowish brown. Minute black spots are sparsely 
distributed all over the wing. The number of apical and sub-apical cells is 
highly variable and offers no sound characteristic of the species. Cepha- 
lic process ^ig. 1-a) is well developed. It is nearly two-fifth of the body 
lenffth and is proportionally much longer than that of P. pusana. The dorsal 
margin of the cephalic process is generally parallel with that of the body 
(Fig. 1-A) and in a few cases slightly curved upwards at the tip. Male 
genitalia (Fig. 3-A) are very much smaller than those of either P. pusana 
or P. aberram and are slightly different morphologically from either of them. 





Dorso-lateral margin 
of the ninth sternum 
(Fig. 4-A) which provides 
reliable morphological 
distinction between these 
three species is provided 
with a dome shaped 
elevation nearly in the 
middle. The tenth tergum 
(Fig. 5-A) which carries 
the anal tube is slightly 
concave and broadly 
truncated at the apex. 

Female. The above 
description applies equal- 
ly to the female. 
Female genitalia (Fig. 
6-A) like those of the male 
are much smaller than 
those of P. pusana and P. 
aberrans and are also 
slightly different struct- 
urally. 

Pyrilla pusana Distant. 
Arm. Mag. Hist., (8), 
14 [1914] ; Fauna P. 
hidia Rhynchota, vol. 6, 
Homoptera Appendix 
[1916]. Good specimens of 
this species were obtained ^ 
from Dacca (Bengal). 
This species as mentioned 
above is widely distribut- 
ed in this country. 


Fio. 1, Cephalic processes and body outlines of P. 
perpmilla, P. pusana and P. oberrans : a, b, c, 
cephalic processes ; A, B & C, body 
outlines (X 8) 




8S6 THE INBIAN JOUBNAL OF AGEICULTUEAL SCIENCE fxn 

In male, the body (1%. 
1-B) is much more robust 
and darkly coloured than 
that of P. perpu&illa, 
Tegmina are dark 
ochiraceous, the apical 
third (Fig* 2-B) being 
much darker in hue than 
the rest of the wing. 
Black spots are chiefly 
distributed in the apical 
region. 

Cephalic process (Fig. 
1-B) is comparatively 
much shorter than that 
of P. perpusilla or P. 
aberrans, strongly up 
curved towards the end. 
Its length is less than 
one-third of the total 
length of the body. The 
dorsal margin is not in 
line with that of the body 
but forms a saddle with 
it. Number of apical 
and sub-apical cells is 
very variable in different 
individuals as well as in 
different sexes. Tergum 
of the tenth segment 
(Fig. 5-B) is strongly 

Fia. 2. Tegmina of P. perpusilla (A), P. pusana (B) and 
P. aberrans (C) ( x8) 






convex at the base and broadly truncated at 
the tip. Male genitalia (Fig. 3-B) are much 
larger than those of P. perpusilla. Conjee- 
tival hook of the phallus is very strongly 
developed and slightly twisted in the middle. 
Each of the dorso-lateral margins of the 
ninth sternum has a knob-like process, not 
in the middle like P. perpusilla^ but at the end 
of the proximal one-third of it (Fig. 4-B). 

Female. The female has approximately 
the same structure as the male. Female 
genitalia are larger in size than those of 
P. perpusilla and are slightly different in 
structure as well. 

The correct identification of this species 
has been a matter of great confusion especi- 
ally in India. Baker has expressed his doubts 
regarding the validity of this species. He 
had no specimen of this species for his study 
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And thus failed to distinguish it from P. aberrans. Pruthi’s statement that 
P. aherran$ is unknown in India is probably correct. In the present study 
no specimen of Indian species of Pyrilla was found to be P. aberrans. It is 
unfortunate that Distant has incorrectly identified some of the Indian forms 
as P. aberrans. A close study of such specimens in conjunction with form 
found in Ceylon will show a considerable morphological difference. The 
presen writers, therefore, conclude that there are only two species of Pyrilla 
in India. One of them is P. perpusilla Walker, and the other is P. pasana, 
Distant. A re-description of P. aberrans Kirby is given below, as Kirby’s 
description is not adequate to enable field workers to distinguish it from a 
closely allied species P. pusana. 



Fio. 4. Ninth sogmant with male gonitalia of P. perpusilla (A), P. pusana (B) 
and P. aberrans (C) ( x28) 



Fia. 5. Tenth tergum with anal tube of P* 
perpaeiUa (A)» P. pusana (B) and 
P* absTtans (C) ( x 28) 



Fig. 6. Lateral valve of the ovipositor 
of P* perpusilla (A), P- pusana (B) and 
P. aberrans (C) 
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PyriUa aberrans Kirby (Microchoria), J. Linn. Soc. Zool. 24, [1891] 
Mdich. Horn. Faun. Ceylon, [1903] ; (Zamila aberrans), Fauna B. India 
Bhynchota, vol. 3 [1906] ; Trtubia, vol. 6 [1925]. The specimens obtained from 
Ceylon were quite fresh and well preserved. In male, the body (Fig. 1-C) 
is quite robust, with yellowish-brown colour. Abdominal tergites are cons- 
picuously reddish-brown. Fore-wings are ochraceous, the apical third being 
much darker than the rest. Black spots are chiefly distributed in the apical 
half and in many cases form two short transverse fuscous lines near the apical 
margin. Cephalic process (Fig. 1-C) is comparatively much longer than 
in P. puaana, nearly two-fifths as long as the entire body, and is curved up- 
wards at the apex. The number of apical and sub-apical cells are variable 
in different individuals of the same sex as well as of different sexes. Tergum 
of the tenth segment (Fig. 6-C) is considerably different either from 
P. perpusilla or P. pusana and is deeply furrowed in the middle of its distal part. 
Male genitalia (Fig. 3-C) resemble those of P. pusana in broad outlines. The 
dorso-lateral margin of the ninth segment (Fig. 4-C), however, presents 
an important morphological distinction and appears to be a characteristic 
o' thii species. Unlike P. pusana and P. perpusilla it is divided into two 
parts, one antero-dorsal margin with three short elevations and the other 
postero-dorsal margin which is quite long and almost plain. 

Female. The above description applies to the female as well, except 
or the characters particular to that sex. 

SUMMAEY 

The above work contains a brief review of the studies on the Indian 
species of the sugarcane leaf-hopper Pyrilla Stal. It has been shown that in 
India two well-defined species are distributed at various places. They are 
P. perpusilla Walker and P. pusana Distant. A general description of the 
external morphology and various distinguishing features of the Indian species 
together with those of P. aberrans Kirby from Ceylon has been given with 
essential details. 
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DIFFERENTIATION OF HYDROGEN CLAYS AND 
HYDROGEN BENTONITES AND IDENTIFIC A- 
TION OF MINERAL CONSTITIJENl’S 
CONTAINED IN THEM BY ELECTRO 

chemical methods 

I. KAOLINITE AND KAOLTNITIC CLAYS* 

BY 

J. N. MUKHERJEE, D.Sc. 

R. P. MITRA, D.Sc.** 

S. N. BAGCHI, M.Sc.*** 

AND 

D. K. MITRA, M.Sc. 

Physical Chemistry Laboratory, University College, of f^eienee. and Technology 

Calcvttu 

(Received for publication on 30 April 1942) 

(With six text-figures) 

T H.E hydrogen clay isolated from soil usually consists of one or more crystal- 
line secondary silicate minerals and varying quantitie s of ‘ free ’ oxides of 
Si, A1 and Fe. The identification of the mineral constituents is of great in- 
terest and several physical metliods, e.g. x-ray. optical and thermal analyses 
have been requisitioned for this purpose. Limitations of tliese me- 
thods are, however, known [Nagelschmidt, 1939]. They often do not go be- 
yond indicating the group to which the mineral constituent of a given hydrogen 
clay belongs. Distinction between closely related individual members of the 
same group such as montmorillonite and beidellite is beset with considerable 
difficulties. Besides, all these methods throw very little light on their elec- 
tro-chemical character which, after all, is most important as it determines the 
base exchange and many other chemical and physical properties of clays and 
soils. 

The problem may be approached from an altogether different direction 
which does not appear to have been explored so far. It may be called the 
electro-chemical method of approach. The soil is essentially an electro-chemi- 
cal or polar S 5 ^fltem and the central connecting theme in the electro-chemistry of 
soil m its dominant acid character. The hydrogen clay is the extreme acid form 
of the inorganic absorption complex obtaine 1 from soil. Tlie electro-chemical 
properties of hydrogen clays isolated from several typical Indian soils have 
been discussed in previous publications [Mitra, 1931), 1940, 1942 ; Miikherjee 

*The results given in this paper liave boon taken from the publislied Annual Report 
for 1940*41 on the working of a scheme of r€W>arch financcfl by the Imperial Council 
of Agricultural Research, India 

♦♦Senior Assistant Soil Chemist under the above seherno 
♦♦♦Assistant Physical Chemist 
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(J. N.), Mitra and Mukherjee (S), 1937 ; Mitra, Mukherjee (S) and Bagchi> 
1940 ; Mukherjee (J. N.), Mitra, Chatterjee and Mukherjee (S. K.), 1942], 
Valuable information for purposes of identifying the mineral constituents of a 
hydrogen clay and differentiating it may be obtained on comparing its elec- 
tro-chemical properties with those of standard specimens of clay minerals. 
For sometime past studies of the more important of these minerals have been 
under way in this laboratory which have this object in view. This paper 
deals with the titration curves and other electro-chemical features of kaolinite 
and hydrogen clays prepared from the entire clay fraction of two lateritic 
soils which gave dehydration curves similar to those of kaolinitic minerals. 
Alterations in some properties of these hydrogen clays consequent on the 
removal of their free inorganic oxides by the method of Truqg et al, [1936] 
have also teen recorded. A separation of these free oxides is desirable and, 
as will be shown later, even necessary for the identification of the mineral 
constituents of the above hydrogen clays by the electro-chemical method. 

Table I 


Particulars regarding soils, hydrogen clays and sample of kaolinite, used 


Lab. No. 

Description of soil or mineral 

Silica/sesquioxido 
ratio of entire 
clay fraction 

Reference No. of 
corresponding 
hydrogen clay 
or hydrogen kao- 
linite 

MI 

Kaolinite from Singhbhum 

1-99 

H-kaolinite 

22 

Red lateritic soil (acidic) from 
Government Farm, Dacca 
(Bengal), collected at a depth 
of 0 to 6 in. 

1*99 

L;Ld* 

33 

Bhata red laterite soil from Bi- 
laspur (Central Provinces) col- 
lected at a depth of 0 to 6 in. 

1 *88 

N;Nd* 


♦Prepared from the entire clay fractions after separation of free inorganic oxides by 
the method of Truog et al. [1936]. 

Expebimental 


Details of procedure adopted for the preparation of the hydrogen clays, 
their chemical analysis and the electro-chemical measurements including elec- 
trometric titration and estimation of base exchange capacity have been des- 
cribed elsewhere [Mitra, 1936, 1940], The dehydration curves were obtained 
by the method of Kelley et al. [1936]. The hydrogen kaolinite was obtained 
on repeatedly leaching with 0’02iyr HCl the entire clay fraction separated 
from a 2 per cent suspension of the powdered air-dried sample. 

Results 

A. Properties of hydrogen kadinite 
(a) Chemical composition and dehydration curve 

Fusion analysis of the hydrogen kaolinite gives SiO,, 63*9 per cent; 
A1»0„ 45-6 per cent ; and Fe,0,, 0‘6 per cent. A1,0,, 2SiO, requires SiO|, 
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54-55 per cent ; and AljOa, 44-45 per cent. The dehydration curve of the 
kaohmte given m Fig. 1 Ims the same form as reported by Kelley el al. 



Fig. 1. Df^hydration curves of hydrogen clays and hydrogen kaolinite 

(b) Existence of mobile ions associated ivitJi the colloidal f articles 

As previously observed with electrodialyzed silicic acid and hydrogen 
clay sols [Mukherjee, Mitra and Miikherjee, 1937 ; Mitra,1936, 1940, 1942 ; 
Chatter jee, 1939] the colloidal particles of a stable sol of the hydrogen kaolinite 
carry with them mobile, i.e. osmotically active, hydrogen ions in electrical 
double layers surrounding the particles. This is evident on a comparison of 
the pH values of several hydrogen kaolinite sols with those of their ultrafil- 
trates recorded in Table II. The sol has a much lower pH than its ultrafil- 
trate. The difference between the two pH’s increases with the colloid content 
of the sol and illustrates the so-called suspension effect of Wiegner and 
Pallmann [1939]. 
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Table II 


values of hydrogen kaolinite sols and their ultrafiltrates 

Colloid content in gm. per 
litre 

joH of sol 

joH of ultrafiltrate 

25*0 

i 

4 ‘41 

6*16 

12-5 

4-98 

I 616 

0 -25 

' 5-45 

6 -as 

2 ‘60 

5-66 

j 6-40 

1 

(c) Osmotic and conductivity coefficients of the mobile H+ions ^ 

In Table III the observed specific conductivities of the above hydrogen 
kaolinite sols have been compared with the values given bv the expression 

Gn * (Uh +V„„„) 

1000 

where Ch"'' is the free acidity, and Uh'*' and Vcon are respectively the mobilities 
of H+ion and the colloidal anion*. 


Table III 


Observed and calculated specific condnctwities 

of hydrogen kaolinite sols 

1 

Colloid content of sol in gin . 1 

Sp. conductivity x 1 0® mho 

per litre 

1 

Observed ♦♦ 

' Calculated 

25 0 

17 0 

! 

. IS -5 

12-5 

5-8 

4-3 

0 25 

1 -S 

i 

1 -5 

2 -50 1 

0 -95 

0 -92 


The observed and calculated values show satisfactory agreement. In 
the case of hydrogen clays and hydrogen bentonites, on the other hand, the 
observed values have been found to be much smaller than the calculated ones 
[Mitra, 1938, 1940 ; Hauser and Reed, 1937]. The difference is probably as- 
sociated with the peculiarities of the structure of the various systems and the 
manner of distribution of the ions in the double layer associated with the col- 
loidal particles. 

♦For VcoU the value 20 has been taken 

♦♦Corrected for the sp. conductivity of the ultrafiltrates 
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(d) t eatures of titration curves with bases 

Fig. 2 shows the titration curves, potentiometric and conductometric^ 
of a 0*25 per cent suspension of the hydrogen kaolinite with dilute Ba(OH;a. 
Similar titration curves are obtained with NaOH and Ca(OH) 2 . The poten- 
tiometric curves with all three bases are shown in Fig. 3. 



M. e. Ba(OH). per lOOgm, 


Flo. 2. Fotentiometric and conductometric titration curves ot hydrogen 

kaolinite with baryta 

The potentiometric and conductometric curves (with all three bases) 
point to a weak dibasic acid character of the hydrogen kaolinite, 
inflexion point was observed on extending the titration (with 10^ ^aOH) 

The potentiometric titration curves with NaOH, Ba(OH)j mkI Ca(OH )2 
though having the same form are not superimposable but haye^ different slopes 
at any given pH (Pig. 3). The amount of the base required to reach » nx^d 
pH is in the order Ca(OH )2 > Ba(OH), > NaOH. The bases thus react with 
the sols in the same order. Similar observations have been previously made 
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with hydrogen clays ani hydrogen bentonites [Mukherjee (J. N.), Mitra and 
Mukherjee (S,), 1937 ; Mitra, 1936, 1940, 1942 ; Mukherjee (J. N.), Mitra, 
Chatterjee and Mukherjee (S. K.), 1942]. The depenienoe of the reactivity 
of the base on the nature of its cation designated by Mukherjee, Mitra and 
Mukherjee [1937] as the irregular or specific cation effect is probably associated 
with the adsorbability of the cations in the dehydrated condition. The 
greiter the adsorbability the larger is the quantity of H"'’ ions displaced from 
the double layer and neutralized at a fiied pH. 



Fio. 3. Potentiomotric titration curves of hydrogen kaolinito witii difforout bases 

Fig. 3 also gives the potentiometric curve obtained on titrating the clear 
supernatant liquid above the coagulum of a mixture of the hydrogen kaolinite 
and N BaCl 2 . This curve, unlike that of the hydrogen kaolinito alone, has 
the appearance of that of a strong monobasic acid . This is expected as the 
supernatant liquid above the sol+salt mixture contains free H+ ions displaced 
from the double layer by the cations of the added BaCla- Features to be 
expected if A1++''' ions were present are not noticeable in the curve. This 
conclusion is supported by the analysis of the supernatant liquid which shows 
that aluminium is present in negligible quantities. The hydrogen kaolinite 
in this respect differs from hydrogen clays and hydrogen bentonites. Neutral 
salt extracts of the latter almost invariably contain appreciable quantities of 
A1+++ ions [Paver and Marshall, 1934 ; Mukherjee and Chatterjee, 1942 ; 
Chatterjee and Paul, 194-2]. 
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(e) Debtee of dissociation and dissociation constant of hydrogen kaolinite 

The degree of dissociation, a (given by the ratio of the free acid to the 
total acid* at the second inflexion point), of a O' 25 per cent suspension and the 
first and second dissociation constants and AT, given by the values 
at 50 per cent peutralization referred respectively to the first and second 
inflexion points are recorded in Table IV. The last column of the table gives 

2 a 

the second dissociation constant if calculated from the equation — — 

where c is the total acid at the second inflexion point. 

Taple IV 


Degree of dissociation and dissociation constants of hydrogen kaolinite sols 


Base used 

OCX 10* 

K^xW 

KjXl0» 

A'l.xlO* 

NaOH . 

• 


0-39 

0-8* 

2-4 

2-9 

Ba(OH), 

• 

. 

0-41 

2-3 

7-4* 

2*6 

Ca(OH), . 

‘ 

• 

0-30 

2*6 

4*6 

6‘0* 


oc has a very small value. This is in agreement with the weak acid 
character of the titration curves of the hydrogen kaolinite and the low values 
of the dissociation constants recorded in Table IV. However, the same value 
of neither oc nor or iCj is obtained from the titration curves with all three 
bases as would be expected in the case of a weak acid in true solution. The 
small value of and if* rather shows that the greater part of the H"*- ions is 
present in a bound condition [Mukherjee, 1921, 1922J in electrical double layers 
surrounding the colloidal particles. 

An approximate agreement between the different values of A'j as also of 
Ag is obtained if those marked with an asterisk (*) in Table IV are neglected. 
Ki is then roughly ten times A'j. 

(/) Base exchange capacity of hydrogen kaolinite 

The base exchange capacities (b.e.c.) calculated from the titration curve** 
are recorded in Table V. 

Table V 

Base exchange CMpacily of hydrogen kaolinite calculutrd from titration curve 


B. o. e. in ni. o* baso por 100 gm. of ovoa-driiKi hydrogen kooIinit/O 


Base used 

[ 




At iBt inflexion point 

; At 2nd inflexion point 

A(. 7 -0 

NaOH 

13 -0(8 -O)** 

i 23*0(9-0) 

5-0 

Ba(OH)j , 

12 -0(7 -65) i 

1 22-0(8*7) 

9-0 

Ca(OH), . 

16 -5(1 -70) 

! 28 -0(9 *04) 

11 -0 


*It will be shown later that the total acid or the batie exchange ciijiacity cal( ulated 
at the firat or second inflexion point is not a fixed quantity but depouds on tlie cation of the 
base used for the titration. 

♦♦ The figures in brackets denote the pH at the inflexion point. 
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T)ie three bases do not give the same b. e. c. Calculated at a fixed |)H, 
e.g. pH 7'0, it decreases in the order Ca(OH),>Ba(OH)a>NaOH in 
agreement with the irregular or specific cation efifect. Calculated at the 
first or second inflexion point, however, the b. e. o. follows the order 
Ca(OH)j>NaOH>Ba(OH)j. The smaller relative effect of Ba(OH)» 
compared with NaOH is really due to the lower pH at the inflexion point in 
the titration curve with Ba(OH)j than with NaOH. The pH effect thus 
masks the cation effect [Mukherjee, Mitra, Mukherjee and Chatterjee, 1942]. 

The ratio of the b. e. c.’s at the second and first inflexion points in the 
titration curves with all three bases is A’^ery nearly — it is actually slightly less 
than — 2 as would be expected in the case of a dissolved dibasic acid. 

The base exchange capacities estimated by Parker’s and Schofield’s 
methods [Parker, 1929 ; Schofield, 1933] as also by titration with Ba(OH)j 
in the presence of N BaClj are given in Table VI. 

Table VI 

Base exchange capacity of hydrogen kaolinile estimated by different method 


Method ! B. 0 . c. in ni. e. per 100 gm. 


(i) Parker 
(m) Schotiold 

(Hi) Titration with Ba(OH)j in the jjresonce ol' j 16 ’0(7 '0) 

AT BaClg I 

*Tho figures in brackets denote the pH at which the b. (>. c. hss been estimated 

The b. e. c.’s obtained by the three methods are in tlie order (tu)> 
(i)> (n)- All three methods give values wdnch are near about the b. e. c. 
at the first inflexion point in the titration curves with bases (in the absence 
of salts) but are much smaller than that given by the second inflexion 
point (Table V). The second inflexion point, therefore, indicates the 
neutralization of hydrogen ions which are present at a very high level of 
affinity and cannot be displaced from the double layer by such strongly 
adsorbed cations as Ba^+ and Ca++ even when added in such high concen- 
tration as IV in methods (i) and {in), and 0* OSJV in method (m). It appears 
that the pH effect is more potent than the cation effect in the estimation 
of these ‘ high affinity ’ hydrogen ions. In the above three methods, 
the b. e, c. is estimated at a much lower pH than that at which the second 
inflexion in the titration curves is observed. 


12 'cl? op 
10 -6(7 1) 
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B. Properties of hydrogen clays giving dehydration curves similar to that of 

kaolinitic minerals 

The chemical com})ositions and the base exchange capacities calculated 
from titration curves are given in Tables VIl and VIII. The titration 
curve.s of L are shown in l^'ig. 4. N gives similar titration curves and these 
have been omitted. The titration curves of La and Na (obtained from 
L and N after separation of the free oxides by the method of Truog et al. 
[1936]) are given in Figs. .'5 and 6. I’ho dehydration curves are shown in 
Fig. 1. ' 



Fro. 4 . Potantionietric titintioii curves of liydrugen clay J. with bases 
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Exg. 5. Potentiomctrio titration curves of hydrogen clay Lj with diffort'iit bases 


Table VII 


Chemical compositions of hydrogen clays before and after separation of their free 

inorganic oxides 


Roforouce 

number 

of 

hydrogim 

clay 

Chemical composition on the ignited basis 

SiO, 

(per cent) 

i A1,0, 

(per cent) 

1 FojOs 

(per cent) 

L 

61 -2 

36 -0 

12*0 

Ld 

67 -6 

38-0 

6-7 

N 

42-6 

3 ‘7 

64 -2 

* 

61-0 1 

1 

34*3 

1 

4-8 
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Fig. 6. PotF'ntiomoti'ic titration curvcB of hydrogen day Nd with diflterenb bases 

Table VIII 

Base exclmnge capac/ity of hydr^^^ days before and after separation of their 

free inorganic oxides 


1 

Refereni^o 
number of 
hydrogen 
clay 

B. 0 . c. in m. o. per 100 gm. of iiydrogon day at inflexion point of titration 

cuw) witli 

NaOH 

Ba(OH), 

Ca(OH)s 

1 

L 

16-3(8-2)» 

17 -5(7 -1) 

19 '0(6 *8) 

Ld 

4-0(7‘l) ; 24 '5(9*5) 

5 -0(7 -16); 23 -5(9 -0) 

5 •6(7-0) ; 26 •0(9-06) 

N 

18 -8(7 -6) 

19 *0(7 -0) 

20 '5(6 ‘5) 

. Nd 

26 -6(9 -6) 

28 *4(9 -5) 

27 -0(8 '6) 


♦The figures in brackets denote the pH at the inflexion point of the titration curve 
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The dehydration curves of Land N (Fig. 1) have features common with 
those of the kaolinite*. The adsorbed water forms a comparatively small 
percentage of the total water and the inflexion point lies near about 400^C. 
The titration curves, however, present quite dissimilar features. Thus the 
dibasic acid character observed with the hydrogen kaolinite (Figs. 2 and If) 
is not shown by the titration curves of L (Fig. 4)and N. Moreover, while 
the NaOH curve of these two hydrogen clays resemble that of a weak 
monobasic acid, their Ba(OH)8 and Ca(()H )2 curves reveal a strong or 
moderately strong acid character. These features have been observed with the 
majority of the hydrogen clays studied by us [Mitra, 1940, 1942 ; Mukhorjee, 
Mitra, Chatterjee and Mukherjee, 1942]. 

Unlike L and N, the derivatives Ld and Nd behave as a weak acid judged 
from the form of their titration curves with all three bases (Figs. 5 and (>). 
Like the hydrogen kaolinite, the titration curves of La have the appearance of 
that of a weak dibasic acid. The base exchange capacity at the second 
inflexion point has nearly the same value (about 25 m.e. per 100 gm.) and 
occurs at approximately the same pH (near about 9* 0). The base exchange 
capacity at the first inflexion point of La, however, has a definitely lower value 
than the hydrogen kaolinite and it occurs at a lower pH. 

The chemical composition of Ld approaches that of the h ydrogen kaolinite. 
The chemical, electro-chemical and dehydration data thus all lead to the 
conclusion that kaolinite is the dominant mineral constituent of the clay frac- 
tion of the Dacca lateritic soil. Free inorganic oxides containe^d in L probably 
mask the electro-chemical features characteristic of kaolinite. These features 
are, however, observed in the derivative Ld . 

Unlike Ld , Nd does not behave as a dibasic acid. Its titration curves all 
reveal a weak monobasic acid character. Their inflexion point, however, 
occurs in the same range of pH (8* 5 to 9* 5) as the second inflexion in tlie titra- 
tion curves of Ld and the hydrogen kaolinite. The base exchange capacity 
of Nd calculated from the oiil}^ inflexion point in its titration curve has ap- 
proximately the same value (near about 25 m.e. per 100 gm.) as the base 
exchange capacities of Ld and the hydrogen kaolinite calculated from 
the second inflexion i)oint. 

The chemical composition of Nd is also materially different from that of 
kaolinite. The chemical and electro-chemical evidences obtained with N and 
Nd can be reconciled with the dehydration data if it is assumed that (a) N 
contains kaolinite or more probably some other mineral of the kaolin group 
mixed with some free oxides which have not been completely removed as a 
result of the treatment given for thi > purpose and which are, therefore, not 
--altogether absent in Nd and/or that (b) in addition to a large percentage of a 
kaolinitic mineral N and Nd contain one or more secondary clay minerals 
belonging to a different group. 

StJMMABY 

Marked acidic properties are shown by a hydrogen kaolinite prepared 
from the entire clay fraction of a sample of kaolinite from Singbhum (Bengal) 

♦That the curves are not exactly similar may be due to sovoral factors, e.g. largo 
differences in the average size of the particles [Kelley, al. 1936], presence of small quam 
' titles of minerals other than those of the kaolin group, etc. 
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by repeate.ily leaching it with dilute hydrochloric acid. It.s potentiometric 
and conductometric titration curves with NaOH, Ba(OH )2 and Ca(OH )2 all 
reveal a weak dibasic acid character. The first and second dissociation 
constants are of the order of 10’ and 10* respeidively. The ratio of the base 
exchange capacities raise at the second and first inflexion points is very 
nearly 2*0 and the base exchange capacity at the second inflexion point is 
about 25 m.e. per gm. 

The hydrogen clay prepared from a red lateritic soil from Dacca which 
gives a dehydration curve similar to that of kaolinitic minerals also shows a 
weak dibasic acid character after separation of its free inorganic oxides by the 
method of Truog et al. and the base exchange capacity at the second in- 
flexion point is near about 25 m.e. per 100 gm. If the free oxides are not 
removed this hydrogen clay behaves as a monobasic acid judged from the 
nature of the titration curves. The dibasic acid character is not observed 
on titrating another hydrogen clay prepared from a Bhata red laterite soil 
either before or after removal of its free inorganic oxides l)y the above method, 
though this hydrogen clay also gives a dehydratio i curve sijnilar to that 
of kaolinitic minerals. 
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GENE SYMBOLS FOR USE IN COTTON GENETICS* 

BY 

J. B. HUTCHINSON 

AND 

R. A. SILOW 

Empire Cotton Gromn^ Corporation 
Cotton Research Station, Trinidad, B. W. I. 

G enetic work on cotton has reached a stage where the haphazard 
allocation of gene symbols adopted in the past has become inconvenient 
and confusing. We have listed the cotton genes of which descriptions are 
known to us and attempted to adjust their nomenclature in accordance with 
accepted genetic conventions and with regard to the special circumstances 
obtaining in the genus Gossypium. 

The conventions we have adopted are as follows : 

(1) Multiple allelomorph series : A series of alphabetic superscripts to 
a common gene symbol, e.g. the leaf shape series, L®, L\ L\ L, I, 

(2) Duplicate factors : The same gene sjmibol with numerical sub- 

scripts, e.g. the chlorophyll deficient duplicates, CWi, cWj ; 
0^/29 cldi2* 

(3) Complementary factors : The same gene symbol with alphabetic 
subscripts, e.g. complementary crumpled, Cpa,, cpt : Cph, cph- 

A special difficulty arises in the nomenclature of cotton genes. Many 
characters occur in both Old World and New World groups, and frequently 
in the wild species also. Their genetic basis is usually similar, and in one case 
it has been shown that the controlling genes are homologous*. It is, therefore, 
desirable to have a common gene terminology throughout, but the high degree 
of sterility in crosses between groups makes the demonstration of homology a 
slow and difficult undertaking. We propose, therefore, that the nomenclature 
of the Old World (2«=26) cottons be taken as the basis, and genes controlling 
homologous characters in the New World cultivated and Polynesian wild 
(2n.=62) and New World wild {2n=26) species will be given the same symbols, 
but printed in ordinary type until homology has been proved, and then in 
italics. 

Our proposals for the anthocyanin multiple allelomorph system require 
special explanation. The original series established in Asiatic cottons^* con- 
sisted of six members. The two lowest members were spotless, and the four 
higher members, in addition to giving red petal spot, determined progressive 
extension of vegetative anthocyanin expression. The six members were arrang- 
ed serially, R, E®, R^, B®, rs, r*. Recently, however, a spotless equivalent 

• Iteprinted from rAe Journal of HeredUy, Vol. XXX, No. 10, October 1939, with 
permission of the American Genetic Association 
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GENE SYMBOLS IN COTTON GENETICS 
Table I 

List of recorded genes in cotton and their present and proposed symbols 

(Seo text for explanation of aomcnclatur*!) 



• In tn« auinor* miw vo two »jrp** of oiUuropnvli 4*riai*«ioy, orUy on* <>t wnton o«(iav« a* 

* clapi* r«<io««tv«. To in* roooooi** •• oaoifo **»* *jn»«>oI oiu, 

t RoO i««f wooM opov of TrfiUdo4 M LoaT stA r*a iwUf wAlngoianoA apot of Cmiwva h*« both l>o*n tran*. 
ftrroA to ih* UIsja bs 0 kvn»\mA, on wvioh tnoy aro to4f».iao|oAito*»»i«, ttlT a«4 Wr Utr*forf 
14«DU9«} «p4 sAf bf ftwon *tow «jf»bol Rjj****, 
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Tablis I — ^cofUd* 


Ch«r«o««r 

yid World 

(£n » 26) Bottoti# 

Hfw World (£n 

» 32) cotton* 



[imm 

Pracant aynbal 
axtd authority 

Propotad 

«ynbol 

Oana affaot 

J*r*aact symbol 
and authority 

Prapooad 
• yttibQ] 


fortllo - iitorUo 

(20) 

Stp 




tlcri iiij 

U -t 1 li - fOTalo 
iterll# 

»H («) 

mun 




PctAlody 

noncftl - petfclodlc 

PP** (31) 

Fdy 




eon ^ 

4*hl»o»nf# 

imom 

(1) 

t>e 




Lint flolour 

lch*kl • whlto 

K (16) 

i*/ tf. 

khaki > «hitf 

(») 

Uj - ic, 


Whakl, dupl loot* - 


/r/ OU 

duplleat* 

K® OS) 

L«2 •• Icj 


llfht bro«B 

»! (1») 

/r/ (3-.I 





•hit« 







IlHht brotfcn-efhit* . 
dupl Icato 

l>2 

Ir, (It) 

graen - whlta 

0* (6) 

It 


hoiry 1 inted-glftbroui 
lln^loss (eorj lomontory) 

H° (2) 

W. (21) 
it. 





hf iry linted - hairy 


/». 121) 





(ooirpl-montarN ) 


It, 




■ 

hairy llntod - hairy 
ILntloa* ('.o-rctimo* 
lathfcl ) 

hW* (2) 

hu • K 

i 




S««<) fuit 




aakad (low lint In- 
dax)'ructy (tjj.la"(l) 

N,L (3.4.2J. 
40, -n) 

Fu 





tuCtad - nakad 
(Poruvlan) 

T (J.IO) 

n 





lees fuf rv - toora 
fully (Peruvian) 

S® (2'i 10) 

fm 


ivxf t< J - fjjii:y 

T Cll» 

Fj 

tuftad • fussy 
(UplanJ) 


Pa 

Seed fuzx 
color* 




graaa • whit* 

brown » whlta 

Bm 

r«r 

Fbt 


Af »•! * Hutchinaon (2) aealgnod th4 eAplt«l (R^) to ch* "doalnairt" Hutchinson A 0 *ri (2i) shwed that th* 

hotcroc^ote wftB atrlotly Intcrmodlat# and tho hoa’c zyKPt* tomatlaioa ▼labia. On arooant of tha cloa* paral lollam bat^aan Punjab 


of has been described by Hutchinson and Ghose*® and was given the symbol 
R^^K While this is satisfactory for genes now recognized, it seems to be desir- 
able to devise a system of nomenclature which will cover any spotless types 
which may be found in the future. From the fact that the new spotless type 
is, like r®, complementary with rg with I'eference to petal spot^’-^* it 
appears that there are probably at least two independent gene centres on the 
R protosome^®, affecting respectively petal spot and presence and distribution 
of anthocyanin. The piN^lteble relationship between the spotted and spotless 
series is shown below, the proposed symbols are indicate<h The present 

ones are in brackets. { 



Petal spotted 

Spotleso 

Red plant body 


(B) 


Bod loaf 


(«t) 

«,«» (J*,o) 
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Petal spotted 

Spotless 

Red calyx 

Red tinged stem (i.f'. basic antlio- 
cyan in gene present, expression 




variable but slight) 

Green stern, gliost spot (basic antho- 


(i?®) 


cyanin gone abg(ait) 


(j-K) 



Sue}) syni}.)olisation lias also liecn attempted for the New World cottons 
on tlie basis of phenotypic appearance. Tlie fact t ha t members of the New 
World R.^ series are printed in italics indicates only t liat homology of the locus 
with that of Asiatic cottons ha.s been established. In no case is it intended to 
imply identity of allelomorphs. 

In Table I are listed the characters that Inive been studied genetically, 
the gene symbols allotted to them, and the alterations we projiose. J'he num- 
bers in brackets refer to the list of reference attached id t he end. 

We are indebted to Drs. J.O. Ware and .1. W. Neely of t he l aiited States 
Department of Agriculture, and to Mr. V. Jfamanatha Ayyar of the Madras 
Department of Agriculture, who have criti(‘i7,ed our manuscrijit and suggested 
a number of alterations which have been included in this list. 
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